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ABSTRACT 
Weybright, Darrel L., M.S., Fall 1983 Wildlife Biology 
Impacts of Cattle Grazing and Subdivisions on Grant Creek 
Ungulates (100 pp. ) 
Director: Bart W. O'Gara 
Elk (Cervus elaphus), mule deer (Odocoileus hemionus), and 
white-tailed deer (O. virginianus) have used foothill pastures, 
north of Missoula, Montana, as winter range. Grant Creek Ranch 
grazed cattle on these pastures during the summer for the last 30 
years. The ranch was purchased for subdivision development and, 
subsequently, 284 ha of winter range was donated to the National 
Wildlife Federation. This provided an opportunity to study impacts 
of cattle grazing and subdivisions on a traditional winter range. 
Baseline data were obtained on elk and deer populations, concen­
tration areas, and migration routes prior to subdivision activities. 
Permanent transects were established to measure forage pro­
duction, range condition, and forage utilized by cattle, elk, and 
deer. Radio-marked elk and deer followed the main system of 
ridges between Grant and Rattlesnake creeks for migration routes 
between summer and winter ranges. Winter concentration areas 
were on timbered north aspects and on upper slopes of south and 
west aspects of adjacent open grasslands. During the last 10 
years, 2 7 houses were built within 0.5 km of the National Wildlife 
Federation's Grantland Nature and Wildlife Reserve, primarily 
along the forested northern end. Approximately 250 additional 
houses are planned for construction, mostly along the west and 
open south sides. Extensive developments are planned for the 
west side of the ranch. Subdivision activities were largely non­
existent during this study. Differences in wild ungulate numbers 
and use patterns between winters were attributed to influences of 
weather and not cattle grazing or subdivision activities. Recom­
mendations include: placing housing and roads as far and as much 
out-of-sight as possible from elk and deer concentration areas; 
maintain strict control of dog and human trespass during winter 
and spring; and continue to graze cattle in a manner similar to 
past practices. 
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INTRODUCTION 
Elk (Cervus elaphus), mule deer (Odocoileus hemionus)» and 
white-tailed deer (0. virginianus) historically occupied the foothills 
of the Rattlesnake Mountains north of Missoula, Montana, during winter 
and early spring. The elk, mule deer and, to some extent white-tailed 
deer, usually spent the summer and fall at higher elevations. Some 
white-tailed deer remained on the foothills and in creek bottoms. All 3 
species congregated on the foothills when snow and severe weather forced 
them to lower elevations. The wild ruminants were often visible on the 
west and south facing grassy slopes of the foothills along Grant and 
Rattlesnake creeks. 
The Grant Creek Ranch, primarily a commerical and registered beef 
cattle operation, was situated on 1862 ha of bottomland and foothills 
along Grant Creek. Cattle grazed these foothill pastures each year from 
approximately 1 May into October or November from 1956 to 1978. Elk 
using these same pastures were observed by Ranch personnel for about the 
last 30 years (R. Marbut, pers. comm.). 
In 1978, Grant Creek Associates, Ltd. (GCA) purchased the Ranch for 
housing development, approximately 1/3 was planned for development. 
Both the former Ranch owners and developers were concerned about the 
tremendous wildlife values of the area, especially winter range for elk 
and deer. The developers donated approximately 284 ha of critical 
winter range to the National Wildlife Federation (NWF). The NWF set 
1 
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aside the parcel as the Grantland Nature and Wildlife Reserve (GNWR) and 
appointed a 7 member local management committee. 
Subdivisions and other human activities have encroached on the 
lower-elevation edges of the winter-spring range, especially during the 
last 5-10 years. This encroachment has extended the period of winter 
stress by preventing animals from grazing the lower slopes that green-up 
first during spring. Green-up coincides with the time of most rapid 
fetal growth and prepares cows and does for the extreme drain of 
lactation. To minimize the impacts of subdivisions, the Montana 
Cooperative Wildlife Research Unit and Montana Department of Fish, 
Wildlife and Parks were approached to provide expertise and to study the 
present status of the elk and deer. 
Subdivisions on or near winter ranges present a tremendous problem 
to western wildlife management agencies. Careful development near Vail, 
Colorado, indicated some ill effects of subdivisions on wildife could be 
reduced (Sumner 1974). The cluster development planned on Grantland, 
with winter ranges and a migration corridor reserved and managed for big 
game, should disrupt wildlife less than an unplanned development. 
Livestock grazing on big-game winter ranges also presents problems 
for western game managers. Intuitively, forage taken by livestock could 
mean less for big game. However, elk preference for winter ranges 
moderately grazed during summer by cattle to those left ungrazed was 
documented in northeastern Oregon (Anderson and Scherzinger 1975). 
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The GNWR provided a unique situation for study because: elk and 
mule deer winter year after year on rangeland grazed by cattle; 
manipulation of cattle grazing for research purposes is possible; 
native bunchgrass communities exist on much of the area; some 
pre-development data are available; and the area is easily accessible 
and within 8 km of the University of Montana. 
The objectives of this study were to: 
1. obtain baseline data on ungulate populations, concentration 
areas, and migration routes on a traditional winter range prior to 
subdivision activities; and 
2. establish permanent transects to obtain baseline data on forage 
production and utilization and on range condition before manipulation of 
cattle grazing in an attempt to improve elk winter range. 
STUDY AREA 
The primary study area is the 284 ha GNWR located in sections 21, 
22, 28, 29, 32, and 33 of R19W, T19N, Missoula County, Montana, 
approximately 5 km north and west of the Missoula city limits (Fig. 1). 
This area supports a foothills bunchgrass habitat interspersed with 
Douglas-fir-ninebark (Pseudotsuga menziesii-Physocarpus malvaceus) and 
ponderosa pine (Pinus ponderosa)-savannah vegetation types. Bunchgrass 
prairie communities dominate the upper southern and western slopes, and 
the lower areas are dominated by forbs and annual grasses. Douglas-fir 
forests dominate the northern and eastern slopes. Ponderosa pine 
woodlands provide a transition from the bunchgrass prairie to the fir 
forest (Fig. 2). A secondary study area included the large area 
traveled by radio-marked animals, primarily the Rattlesnake Mountains. 
Dominate grass species were blue-bunch wheatgrass 
(Agropyron spicatum), Idaho fescue (Festuca idahoensis), Kentucky 
bluegrass (Poa pratensis), and prairie Junegrass (Koeleria cristata). 
Other common grass species were Sandberg's bluegrass (Poa sandbergii)» 
green needlegrass (Stipa viridula), needle-and-thread grass 
(Stipa comata), rough fescue (Festuca scabrella), cheat grass 
(Bromus tectorum), Japanese brome (Bromus japonicus), timothy 
(Phleum pratense), and one-spike danthonia (Danthonia unispicata). 
Dominate forbs were spotted knapweed (Centaurea maculosa), cinquefoil 
(Potentilla spp.), arrowleaf balsamroot (Balsamorhiza sagittata), hairy 
4 
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GNWR STUDY AREA 
WINTER RANGE 
(APPROXIMATE) 
i MISSOULA 
0twk 
Figure 1. Grantland Nature and Wildlife Reserve (GNWR) and primary 
winter ranges. 
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Figure 2. Grantland Nature and Wildlife Reserve (GNWR). 
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golden-aster (Chrysopsis villosa), common yarrow (Achillea millefolium), 
goatsbeard (Tragopogon spp.), and lupine (Lupinus spp.). Major shrubs 
were Wood's rose (Rosa woodsii), common snowberry 
(Symphoricarpos albus), ninebark, western serviceberry 
(Amelanchier alnifolia), common chokecherry (Prunus virginiana), and 
shiny-leaf ceanothus (Ceanothus velutinus). 
The foothills consist predominately of tertiary alluvium and 
glacial outwash. This structure has developed primarily into the 
Agriborolls-Haploborolls and Bigarm gravelly loam soil series. Minor 
developments include the Bignell complex, Repp gravelly loam, and the 
Winkler-Sharrott complex soil series. These soils are highly variable, 
containing gravelly sandy, clayey, and silty loams. The primary range 
site is designated as silty, 38-48 cm precipitation zone, Northern Rocky 
Mountains and valleys, west of the Continental Divide (USDA-SCS Soil 
Scientist, pers. comm.). The topography is gentle rolling hills with 
slopes from 0-60%. The elevation ranges from 1100 to 1400 m above sea 
level. The exposures are primarily southern and western. The climate, 
influenced by the Pacific Ocean, is mild with an average annual 
precipitation of 38 to 48 cm. This precipitation falls primarily in the 
spring and fall as rain and during the winter as snow. 
METHODS 
Big Game 
Minimum population counts of elk and deer were obtained by direct 
observations on the winter range. Pellet group counts were used as a 
population index. The study area was divided into 11 parallel 
north-south zones, each 241 m wide, that ran the length of the study 
area. A pellet group transect was randomly placed within each zone and 
9.3 ml circular plots were placed at 101 m intervals along each 
transect. Each plot was searched twice in opposite directions, as 
recommended by Smith (1968), to lessen the chance of missing pellet 
groups, a major problem (Smith 1964, Van Etten and Bennett 1965). A 
daily defecation rate of 13 groups was used for deer (Smith 1964) and 
elk (Neff et al. 1965). Cattle numbers were obtained by counting them 
in the pastures and verified by grazing records. 
Radio telemetry was chosen to describe elk and deer movements 
because of the rugged terrain and dense cover. Elk and mule deer were 
captured on the study area during winter and spring 1981 and 1982. The 
radio collars used for elk were constructed of PVC pipe as described by 
Pedersen (1972). Deer collars were made with rubberized belting. The 
ages of captured elk and deer were recorded from incisor and canine 
eruption and wear patterns (Murie 1951, Quimby and Gaab 1957, Greer and 
Yeager 1967). The 1.22 x 2.44 x 1.83 m collapsible traps built and used 
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were originally designed by Clover (1954), with modifications by 
Sparrowe and Springer (1970), Roper et al. (1971), and McCullough 
(1975). Traps were baited with second cutting alfalfa hay during winter 
and salt during spring green-up. The traps were placed on elk and mule 
deer feeding areas that were visible from a distant observation point 
and checked daily at mid-morning. 
Radio locations were obtained year-around by aerial tracking 
(weekly during summer 1981 and monthly thereafter) from a fixed-wing 
aircraft and supplimented by ground tracking on the winter range (daily 
during spring 1981 and weekly during winter and spring 1982 and 1983). 
Locations were plotted on topographic maps and the Universal Transverse 
Mercator coordinates were recorded for computer analyses. 
Areas of concentrated use were identified from radio relocations 
and pellet group counts. Migration routes were mapped from radio 
relocations. 
Range Analysis 
Permanent transects were established on 5 grassland areas so range 
trend could be monitored in the future. Measurements were made between 
17 August and 3 September 1982. Plants collected and identified for the 
GNWR are presented in Appendix A for reference with their 4 or 5 letter 
abbreviations. Japanese brome and cheat grass were combined to 
facilitate measurements. 
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Each 30.5 m transect was marked by 2 metal stakes driven nearly 
flush with the ground at each end. Metal fence posts were driven at 
points in line with the transects and 6.1 m from the end points. These 
posts were to aid relocation of the transects and were set off from them 
to prevent trampling by cattle using the posts for rubbing. Foliar 
cover was recorded using the line intercept method (Canfield 1950). 
Plant density was measured by counting all plants, by species, in 4 0.45 
m2 rectangular plots placed at 6.1 m intervals along the transects 
(Strickler and Stearns 1962). Forage production (standing crop of 
herbage and annual growth of browse) was recorded by clipping 2 0.45 m2 
rectangular plots at a 1 cm stubble height, weighing the forage by 
species, and oven-drying it for conversion to oven-dried weights for 
future comparisons. Utilization of the forage was recorded using the 
ocular estimate by plot method (Pechanec and Pickford 1937a). Range 
condition was assessed based on forage produced by native plant species. 
Ground disturbances by rodents were recorded using the line intercept 
method. Photographs of each transect were taken to document changes in 
plant community characteristics with future measurements. 
Estimating forage production was facilitated by mapping vegetative 
communities of similar plant composition. Community boundaries were 
drawn on contour maps, with 2 ha as the smallest mapping unit. A grid 
was placed over each community and a random number table was used to 
generate coordinates for 4 points in each community. Each point was 
located on the ground and designated as the plot center. 
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Forage production was measured in each vegetative community for 
annual growth of grasses, forbs, and shrubs. The production survey 
began in late July or early August, after termination of summer growth. 
A modified double sampling method (Pechanec and Pickford 1937b, Wilm et 
al. 1944) was chosen to measure forage production. This method 
combined the weight estimate and the clipped plot methods. A 0.45 ml 
rectangular plot frame was placed at the plot center and 4 subplots were 
located 5 paces in each direction: uphill, downhill, to the left, and 
to the right of the plot center. Where slope was difficult to 
determine, the 4 cardinal points were used. This was repeated for each 
of the 4 plot points in each community. The weight of herbage and 
annual browse growth was estimated on all 5 subplots and the last 
subplot was clipped. Each plant species was weighed separately on a 200 
g scale. Regression equations were formed from the relationship between 
estimated and clipped weights to improve accuracy. If the communities 
were homogeneous, only 1 subplot in 10 was clipped. This probably did 
not alter the results significantly, but increased the speed of the 
survey. 
Samples of major plant species were collected from each community 
and air-dried. These air-dried weights were compared to the green 
weights recorded in the field, all green weights were proportionally 
readjusted to air-dried weights. The air-dried weights of each plot 
were averaged and multiplied by 22.4 to estimate kilograms per hectare 
(kg/ha). 
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Portions of the present year's growth were removed by cattle 
grazing early in the season. The forage removed was estimated and added 
to the estimate of the remaining forage. This was facilitated by 
observing the forage produced on nearby ungrazed plants. 
Cattle utilization was determined in the fall after the cattle were 
removed from the range. Forage removed by cattle was estimated in 4 
ways: 1) double sampling plots before and after cattle grazing; 2) the 
percent utilization of bluebunch wheatgrass and Idaho fescue by the 
percent of plants grazed method (Canfield 1942, Roach 1950, Hurd and 
Kissinger 1953); 3) ocular estimate by plot; and 4) a reconnaissance 
survey, mapping levels of use after each grazing season. Methods 1, 3, 
and 4 were described by Pechanec and Pickford (1937a). The forage 
remaining in the fall was estimated by a second series of double 
sampling plots. The difference between the remaining forage and that 
produced earlier in the summer was the amount the cattle removed. The 
grazed plant method measured utilization of bluebunch wheatgrass and 
Idaho fescue on 2 100-pace point transects across each grazed community. 
Standard utilization graphs, developed for western Montana by the U.S. 
Department of Agriculture-Forest Service, were used to correlate the 
percent of these plants grazed with the percent utilization of the range 
(USDA-FS 1962). Forage removed was ocularly estimated and recorded 
within each plot during the second series of double sampling plots. The 
general reconnaissance method was used to identify general and specific 
conditions that were not revealed with the other methods. Factors 
surveyed and mapped were elk and deer use, areas of concentrated use by 
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cattle, and general levels of grazing. Notes were taken on range 
condition and trend. 
Utilization by elk and deer was recorded during late spring, after 
they left the range and prior to cattle grazing. This information came 
from reconnaissance surveys taken in the spring and from field notes 
recorded during the production survey. 
Range condition was assessed following U.S. Department of 
Agriculture-Soil Conservation Service criteria (USDA-SCS 1977). 
Condition classes were determined by percent of climax: (1) excellent 
(76-100%), (2) good (51-75%), (3) fair (26-50%), and (4) poor (0-25%). 
Percent of climax was based on percent composition by dry weight of 
forage produced by native plant species grouped according to their 
responses to grazing (decreasers, increasers, or invaders). Range 
condition was calculated for each pasture based on the average rate of 
production (kg/ha) for both years. All decreasers were used but only 
increasers with 5% or more of the total pasture production were 
considered. Introduced species (invaders) were not part of the native 
climax community, and were ignored in calculating condition. Range 
trend was based on qualitative observations of trend indicators. 
Grazing histories were obtained from a former owner of the Grant 
Creek Ranch. The present level of housing development was recorded by 
mapping locations of houses. Future development plans were mapped 
according to information provided by the GCA, Sorenson and Company, and 
Missoula County records. 
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Nomenclature followed Jones et al. (1982) for animal species, and 
Hitchcock and Cronquist (1973) for plant species. Plants described 
elsewhere are speedwell (Veronica verna) (Fernald 1970) and hard fescue 
(Festuca longifolia) (Hubbard 1968). 
RESULTS 
Elk and Deer Populations 
The minimum numbers of elk using the GNWR were derived from visual 
observations; 34 were seen in 1981 and 28 in 1982 (Table 1). Elk were 
observed between 25 January and 16 April 1981 and 6 January and 10 April 
1982. 
Mule deer were seen 43 times in 1981 (Table 1), the largest group 
was 61 on 26 April. In 1982, 30 groups were observed, and 59 on 4 April 
was the largest group. The average group size was 10 in 1982 compared 
with 15 in 1981. 
White-tailed deer were seen throughout the year in creek bottoms 
and on side hills. Numbers varied, but groups of 3 to 7 were common. 
During 1981, the largest group observed on the winter range was 27, and 
from 56 observations during winter, the average group size was 7 
(Table 1). In 1982, 12 observations were made. The largest group was 7 
animals and the average was 3. 
Pellet group counts were conducted in 1980, 1981, and 1982 
(Table 2); however, only elk pellets were counted in 1980. The number 
of days of use for elk ranged from 1260 to 2100. The number of elk 
using the GNWR was estimated at 42 in 1980, 50 in 1981, and 70 in 1982, 
assuming they spent 30 days on the GNWR of 150 days on winter range. 
15 
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Table 1. Estimated numbers of elk and deer using the GNWR. 
Visual Observations 
Elk 
Mule deer 
White-tailed 
deer 
34 
61  
27 
1981 1982 
Largest Mean Number Largest Mean Number 
Group Group of Groups Group Group of Groups 
Size Size Seen Size Size Seen 
22  
15 
19 
43 
56 
2 8  
59 
11  
10 
17 
30 
12 
17 
Table 2. Estimated numbers of elk and deer using the GNWR from 
pellet groups. 
1980 
Number 
Animal of 
Days Animals 
Elk 
Deer 
1,260 42 
1981 1982 
Number 
Animal of 
Days Animals 
Number 
Animal of 
Days Animals 
1,500 
2,580 
50 
86 
2,100 
2,193 
70 
73 
18 
Mule and white-tailed deer pellets were not separated. Days of use 
by deer were 2580 in 1981 and 2190 in 1982. An estimated 86 deer in 
1981 and 73 in 1982 used the GNWR. 
Trapping and Radio Monitoring 
Thirteen elk, 29 mule deer, and 10 white-tailed deer were trapped 
during 1981 and 1982. Radio collars were fitted on 6 elk and a mule 
deer in 1981 and 5 elk and 6 mule deer in 1982 (Table 3). Animals 
trapped but not collared were too young, not needed, or escaped before 
traps were approached by handlers. Two mule deer were recaptured in 
1982, 1 was recaptured twice. 
A second transmitter with an identical frequency was used after the 
original failed in July 1981. This bull elk (M01) was seen on the GNWR 
during winter 1981-1982. A radio marked spike was shot in November 1981 
during the hunting season. The collar was returned and used on another 
an ima 1. 
Radio monitoring began in April 1981 and continued through the end 
of February 1983, 241 relocations were recorded from 35 flights and 294 
relocations from 66 ground-tracking trips (Table 4). Flights were not 
randomly timed, most took place between 0600 h and noon. Ground 
tracking trips were restricted to the winter range and daylight hours. 
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Table 3. Animals captured and radio-marked during 1981 and 1982. 
Date Species* Sex Age 
Animal 
Number 
Transmitter 
Frequency 
1 Apr 81 elk ? 2 F 01 164.437 
1 Apr 81 elk ? 1 F 02 164.489 
10 Apr 81 elk cf 1 M 01 164.712 
10 Apr 81 elk ? 1 F 03 164.612 
24 Apr 81 elk ct 1 M 02 164.662 
24 Apr 81 elk cf 1 M 03 164.636 
5 Jun 81 md cf 4 M 10 151.235 
22 Feb 82 md ? 3 F 10 150.907 
22 Feb 82 md cf 2 M i l  151.325 
2 5 Feb 82 md cf 2 M 12 151.084 
27 Feb 82 md cf 5 M 13 151.045 
9 Mar 82 elk ? 6 F 04 164.414 
9 Mar 82 elk ? 4 F 05 164.636 
9 Mar 82 elk ? 4 F 06 164.587 
11 Mar 82 md ? 3 F 11 150.890 
18 Mar 82 md ? 3 F 12 151.165 
4 Apr 82 elk ¥ 1 F 07 151.022 
4 Apr 82 elk ¥ 4+ F 08 151.310 
^md = mule deer* 
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Table 4. Relocations of radio-collared elk and deer by year. 
1981 1982 1983 
Apr-Dec All year Jan-Feb Total 
Elk 
F 01 49 
F 02 48 
F 03 49 
F 04 0 
F 05 0 
F 06 0 
F 07 0 
F 08 0 
M 01 39 
M 02 46 
M 03 40 
Deer 
F 10 0 
F 11 0 
F 12 0 
M 1 0  1 2  
M i l  0  
M 1 2  0  
M13 0 
Totals 
Elk 
Male 12 5 
Female 146 
Total 2 71 
Mule deer 
Male 12 
Female 0 
Total 12 
Grand total 283 
8 0 57 
24 0 72 
13 5 67 
19 6 25 
20 4 24 
17 3 20 
16 4 20 
7 0 7 
0 0 39 
33 4 83 
0 0 40 
12 0  12  
8 0 8 
10 0 10 
2 0 14 
5 0 5 
13 0 13 
19 0 19 
33 4 162 
124 22 292 
157 26 454 
39 0 51 
30 0 30 
69 0 81 
226 26 535 
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Big Game Concentration Areas and Migration Corridor 
Elk and deer concentrations were mapped in relation to major land 
ownership using pellet group counts and radio relocations (Fig. 3). 
Spring and fall radio locations of elk and deer were plotted, 
identifying the major migration corridor (Fig. 4). The distance between 
summer and winter range is short, approximately 12 km. Elk traveled to 
and from the winter range between October and January. In the spring, 
some animals left as early as April while others stayed until June. 
Several elk traveled to the more distant areas of Finley Creek, 
Middle Fork of the Jocko River, and to Sunflower Mountain near the 
Blackfoot River. Deer relocations were scattered, a male and a female 
mule deer stayed on the winter range all summer while others traveled 
widely. Although 7 deer were radio collared, many transmitters either 
malfunctioned within a few months or the deer moved from the area and 
were not located. 
Permanent Transects 
Permanent transects were established on a silty range site in a 
38-48 cm precipitation zone (Figs. 5-9). All transects were on gentle 
slopes with primarily a west (transects 1-4) or south (transect 5) 
aspect (Fig. 10). Appendix B lists the specific location, methodology, 
and results. 
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Figure 3. Concentration areas of elk and mule deer from radio locations 
and pellet groups, in relation to land ownership: BN, Burlington 
Northern; GCA, Grant Creek Associates, Ltd.; LNF, Lolo 
National Forest; MPC, Montana Power Company; and NWF, 
National Wildlife Federation. 
CLARK FORK RIVER 
LOCATIONS OF RADIO MARKED ELK 
LOCATIONS OF RADIO MARKED DEER SCALE 
4. ID cations of radio-marked elk and mile deer, showing relation 
of the main winter range on and around the GNWR, the main 
surrmer range on the upper drainage of Rattlesnake Creek, and 
the primary travel corridor between Grant and Rattlesnake 
creeks. 
Figure 5 (upper left). Transect 1, 
view fran the north. 
Figure 6 (lcwer left). Transect 2, 
view from the north. 
Figure 7 (lower right). Transect 
3, view from the south. 
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Figure 8 (left). Transect 4, 
view from the north. 
Figure 9 (right). Transect 5, 
view from the west. 
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Figure 10. Relationship of the GNWR to the pastures and locations of 
the permanent transects. 
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Foliar cover on transect 1 was about 5% grasses, mostly Idaho 
fescue, rough fescue, bluebunch wheatgrass, and Japanese brome/cheat 
grass. Thirty-six percent was forbs, primarily arrowleaf balsamroot, 
potentilia, showy aster, and common yarrow. 
Grasses were most prevalent on transect 2. Rough and Idaho fescue 
were major components of the 7.6% grass cover. Forb cover at 17.5% was 
just half that of transect 1. Arrowleaf balsamroot, mountain sandwort, 
and common yarrow were the major species. 
Transect 3 had 5% cover by grasses, mostly bluebunch wheatgrass. 
Forbs comprised 11.6% of the cover, the least of the transects, and 
arrowleaf balsamroot was the major contributor. 
The least coverage by grasses was on transect 4 at 3.1%. Forbs at 
nearly 31% had next to the highest coverage. 
On transect 5, major grass species were Kentucky bluegrass and 
bluebunch wheatgrass with a total of 4% for all grasses. Forbs provided 
20.8% cover with arrowleaf balsamroot as the major species. Total plant 
coverage ranged from 17% on transect 3 to 41% on transect 1. 
Plant density was variable. Small, single-stemmed grasses and 
forbs (annual bromes, bluegrasses, and pale alyssum) had high density 
rates, while bunchgrasses (bluebunch wheatgrass and the fescues) and a 
forb (arrowleaf balsamroot) were prominent, but had low density rates. 
Forage production was 867, 884, 1180, 1526, and 1546 kg/ha on 
transects 2, 1, 4, 5, and 3, respectively. Primary grass producers 
were: Idaho fescue on transects 1, 2, and 4; bluebunch wheatgrass on 
transect 3; and Kentucky bluegrass on transect 5. The main forb 
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producers were common yarrow, arrowleaf balsamroot, lupine, and hairy 
golden-aster. 
Only pastures containing transects 1 and 3 were grazed by cattle in 
1982; transects 2, 4, and 5 remained ungrazed. Evidence of cattle 
grazing ori transects 1 and 3 was not detected. Winter and spring use by 
elk and deer was not detectable by the following fall. 
The range was in fair condition at transects 1, 2, 4, and 5. 
Transect 3 was in good condition. Range trend was stable at the 
transect locations. 
Northern pocket gophers (Thomomys talpoides) and badgers 
(Taxidea taxus) were the primary sources of soil disturbance. Columbian 
ground squirrels (Spermophilus columbianus) also caused extensive soil 
disturbance in the pastures but not at the transect locations. 
Cattle Grazing 
The 284 ha GNWR straddles portions of 4 separate pastures. The 
Grant Creek Ranch grazed cattle in the Lower Toner, Upper Toner, Lime 
Kiln Pete (LKP), and the North End pastures (Fig. 10). Grazing in the 
North End pasture terminated after 1972 (Table 5). In 1978 the GNWR was 
established without fences separating the NWF land from that of GCA. As 
a result, cattle grazed in pastures with portions owned by the NWF and 
the GCA# In 1982, the LKP pasture was divided into 3 parcels by fencing 
the approximate boundaries of the NWF. One parcel, not owned by the 
NWF, was subdivided for development, the other 2 parcels, the Baldhill 
% 
Table 5. Cattle grazing history of Grant Creek Ranch pastures. 
Lower Toner Upper Toner LKP North End 
In Out No.1 In Out No. In Out No. In Out No. 
1956-592 1 May 1 Oct 20 1 May 1 Oct 30 1 May 1 Oct 25 15 Jun 1 Oct 15 
1960-692 1 May 1 Oct 20 1 May 1 Oct 30 1 May 1 Oct 25 15 Jun 1 Oct 15 
1970 1 May 3 Oct 30 1 May 3 Oct 20 1 May 8 Oct 25 15 Jul 18 Sep 14 
1971 25 Apr 22 Aug 34 25 Apr 8 Oct 18 25 Apr 8 Oct 25 10 Jun 8 Oct 10 
1972 15 May 1 Aug 35 15 May 31 Aug 20 15 May 6 Oct 22 11 Jun 6 Oct 15 
1973 1 May 23 Sep 25 1 May 23 Sep 15 1 May 13 Sep 18C —No longer grazed— 
1974 Not grazed - 15 May 10 Oct 37Y 15 May 10 Oct 27 
1975 16 May 5 Jun 55 5 Jun 23 Jul 55 15 Jun 16 Aug 34 
1976 1 Jun 
2 Jul 25 Jul 
25Y 
126Y 25 Jul 1 Sep 151Y 18 May 26 Sep 20 
1977 17 May 
13 Aug 
27 May 
26 Dec 
56Y 
26Y 15 Aug 16 Nov 20Y 22 May 30 Jul 25 
1978 10 Jun 7 Sep 39Y 1 Sep 19 Nov 50Y 2 Jun 2 5 Sep 30 
1979 20 May 15 Oct 30 24 Jun 17 Sep 60Y 14 May 15 Jun 50 
1980 Nnf grazed • 19 Aug 2 8 Oct 60 16 Jun 18 Aug 60 
1981 14 Jul 3 Aug 165 3 Aug 12 Oct 70 20 May 2 5 Oct 18 
1982 8 Jun 26 Jun 60 18 Jul 6 Oct 60 26 Jun 18 Jul 60 
"^Cow/calf pairs, unless otherwise noted, as C = cows only; Y = yearlings. 
2 Dates and numbers are approximate. 
to 
CO 
30 
and the 3-Peaks units, owned by the NWF, remained as pastures. Of the 2 
NWF parcels, 3-Peaks unit was without water, leaving only the Baldhill 
unit grazable. The GNWR contains about 14% or 28 ha of Lower Toner, 41% 
or 70 ha of Upper Toner, about 98% or 44 ha of the LKP-Baldhill unit, 
and all of the 86 ha LKP-3 Peaks unit pastures (Table 6). The 55 ha 
parcel of the GNWR that lies in the North End pasture was partially 
fenced and without proper water development. 
Cattle grazed portions of the GNWR in the 3 main pastures on the 
east side of the Grant Creek Ranch during 1980-1982 (Table 7). In 1980, 
60 cow/calf pairs grazed the Upper Toner and LKP pastures. The Lower 
Toner pasture was not grazed in 1980. In 1981, 18 pairs grazed LKP from 
20 May until 25 October, 165 pairs were pastured in Lower Toner on 14 
July and removed 3 August, when 70 pairs were pastured in Upper Toner 
and removed 12 October. The cattle were rotated in 1982, 60 pairs were 
placed in Lower Toner on 8 June and removed on 26 June and placed in 
LKP-Baldhill. On 18 July, the cattle were removed and placed in Upper 
Toner until 6 October. Table 5 contains the approximate dates the 
cattle were put in and taken out of each pasture. Turn out dates varied 
from 20 May in 1981 to 26 June in 1982. The remaining areas of the GNWR 
were not grazed during this study. 
Table 6. Pasture size and ownership. 
Lower Toner Upper Toner LKP North End 
Period Owners Hectares Owners Hectares Owners Hectares Owners Hectares 
Pre-1978 GCR1 202 GCR 170 GCR 223 GCR 170 
Total 202 170 223 170 
1978-1982 GCA2 174 GCA 100 (reduced 44) (reduced 115) 
NWF3 28 NWF 70 GCA 
NWF 
49 
130 
NWF 55 
Total 202 170 179 55 
1982-1983 GCA 174 GCA 100 (reduced 50) NWF 55 
NWF 28 NWF 70 
NWF-
Baldhill 
NWF-
3 Peaks 
44 
86 
Total 202 170 130 55 
*GCR = Grant Creek Ranch. 
2GCA = Grant Creek Associates, Ltd. 
^NWF = National Wildlife Federation. 
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Table 7. Cattle grazing on GNWR, 1980-1982. 
Pastures 1980 1981 1982 
Lower Toner 
Grazing period not grazed 20 18 
Number cow/calf pairs - - 165 60 
Total days grazed - - 3,300 1,080 
Proportional number of days 
on GNWR (0.14) 462 151 
AUM's grazed 0 110 36 
AUM's recommended 75 75 75 
Upper Toner 
Grazing period (days) 70 70 . 80 
Number cow/calf pairs 60 70 60 
Total days grazed 4,200 4,900 4,800 
Proportional number of days 
on GNWR (0.41) 1,722 2,009 1,968 
AUM's grazed 140 163 160 
AUM's recommended 126 126 126 
LKP 
Grazing period (days) 63 158 22 
Number cow/calf pairs 60 18 60 
Total days grazed 3,780 2,844 1,320 
Proportional number of days 
on GNWR (0.73) 2,759 2,076 (0.98) 1,294 
AUM's grazed 126 95 44 
AUM's recommended 133 133 34 
Total days in pasture 7,980 11,044 7,200 
Total days on GNWR 4,481 4,547 3,413 
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Forage Production 
Forage production was ocularly estimated and 32 communities were 
mapped by similiar plant composition in 1980 (Fig. 11). In 1981, 640 
plots were sampled by the double sampling method. In 1982, communities 
were reduced to 30 by combining 8 with 9 and 32 with 33. Forage 
production estimates were summarized by pastures to provide managers 
with useful information. Estimates of the total forage production by 
pasture (Table 8) and the dominate plant species based on dry weight 
forage production (Table 9) were based on the portion of pastures within 
the GNWR. These cannot be extrapolated over the rest of the pastures. 
Forage production of each plant species per community for both years is 
listed in Appendix C. Grass dominated communities are 8/9, 11, 22, 23, 
and 29 (Fig. 11). Communities with a tree overstory are 2, 17, 18/19, 
20, 21, 28, 30, 31, and 32/33. The balance of the communities are 
dominated by forbs and annual grasses. 
In 1981 and 1982, forbs produced more forage than either the 
graminoids or the shrubs in Lower and Upper Toner. Spotted knapweed and 
arrowleaf balsamroot were the dominant forbs and bluebunch wheatgrass 
and Kentucky bluegrass were the dominant grasses. In Lower Toner, forbs 
produced 721 kg/ha in 1981 and 676 kg/ha in 1982. In Upper Toner, forbs 
produced 846 and 891 kg/ha for 1981 and 1982. Graminoids in the LKP 
were the most important group, they produced 482 kg/ha in 1981 and 300 
kg/ha in 1982. Shrubs were important only in the North End pasture, 
they produced 129 kg/ha in 1981 and 231 kg/ha in 1982. Large stands of 
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Figure 11. Vegetative communities of the GNWR, 
Table 8. Forage production on GNWR in kilograms per hectare (kg/ha) and metric tons (t) per pasture. 
Lower Toner Upper Toner LKP North End 
kg/ha t kg/ha t kg/ha t kg/ha t 
1981 
Graminoids 475 13.3 588 41.2 482 62.6 317 17.4 
Forbs 721 20.2 846 59.2 2 96 38.4 145 8.0 
Shrubs 29 0.8 25 1.7 139 18.1 129 7.1 
Total 1,225 34.3 1,459 102.1 917 119.1 591 32.5 
1982 
Graminoids 364 10.2 413 28.9 300 38.9 165 9.0 
Forbs 676 18.9 891 62.4 244 31.7 177 9.7 
Shrubs 63 1.8 25 1.8 122 15.8 231 12.7 
Total 1,103 30.9 1,330 93.1 666 86.4 573 31.5 
CO 
CJ1 
Table 9. Comparison of plant species ranked by dry weight forage production by pasture, averaged 
for 1981 and 1982 in kg/ha. 
Lower Toner 
Three dominant species 
Cema 337 
Basa 128 
Agsp 115 
Upper Toner LKP 
Baldhill Unit 3 Peaks Unit 
Basa 341 
Cema 323 
Agsp 149 
Basa 95 
Popr 90 
Agsp 69 
Agsp 117 
Basa 112 
Popr 100 
North End 
Phma 154 
Agsp 148 
Basa 68 
Comparison of selected plants 
Feid 32 
Agsp 115 
Popr 83 
Basa 128 
Cema 337 
79 
149 
103 
341 
323 
57 
69 
90 
95 
54 
86 
117 
100 
112 
5 
22  
148 
9 
68 
35 
00 
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mallow ninebark and common snowberry were also found in both LKP 
pastures. Production in each plant group was reduced in 1982 compared 
with 1981, total production for the entire GNWR was 288 and 242 metric 
tons (t) during 1981 and 1982, respectively. 
Forage Utilization 
Utilization estimates by the double sampling method are summarized 
in Table 10. In Lower Toner, 680 kg/ha were removed in 1981, 
(approximately 19 t on the 28 ha GNWR portion). Upper Toner had 763 
kg/ha removed (53 t on the GNWR's 70 ha portion). The LKP pasture 
showed negative utilization for 1981, resulting from larger estimates of 
forage production during the 'post' set of double sampling plots, and 
therefore no utilization was assumed. In 1982, Lower Toner had a 
reduced rate of utilization, 390 kg/ha compared to 680 kg/ha in 1981. 
However, Upper Toner had a higher estimated utilization (1130 kg/ha), 
nearly 80 t more than in 1981. In 1982, the LKP pasture was reduced 
from 179 ha to 44 ha. Although LKP was reduced in size by nearly 75%, 
forage was removed at 107 kg/ha, (about 5 t) on the 44 ha pasture. 
Bluebunch wheatgrass (Agsp) and Idaho fescue (Feid) were sampled in 
1982 on grazed communities by the percent of plants grazed method 
(Table 11). Idaho fescue was uncommon in Lower Toner, 1 grazed plant 
was found on the transects. Bluebunch wheatgrass was utilized at a rate 
of 6.8 kg/ha. In Upper Toner, Idaho fescue was removed at 5.8 kg/ha 
(403 kg on the GNWR portion). Bluebunch wheatgrass was used at the 
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Table 10. Forage utilization by cattle by pasture by year; double 
sampling method: pre - post-grazing production. 
Lower Toner Upper Toner LKP 
kg/ha 
Total 
(kg) kg/ha 
Total 
(kg) kg/ha 
Total 
(kg) 
1981 
Graminoids 120 3,363 215 15,064 -178 -23,120 
Forbs 540 15,112 534 37,372 86 11,136 
Shrubs 20 571 14 948 6 803 
Total 680 19,046 763 53,384 -86 -11,181 
Percent of 
available 
forage - - 55 - - 52 0 
1982 
Graminoids 69 1,944 163 11,409 54 2,376 
Forbs 230 6,445 930 65,072 46 2,024 
Shrubs 91 2,533 37 2,579 7 308 
Total 390 10,921 1,130 79,060 107 4,708 
Percent of 
available 
forage „ 35 — 85 .. 5 
Table 11. Forage utilization by cattle by pasture, 1982, estimated by percent of plants grazed 
method. 
Lower Toner Upper Toner LKP 
Percent Total Percent Total Percent Total 
Grazed kg/ha (kg) Grazed kg/ha (kg) Grazed kg/ha (kg) 
1982 
Feid 0.6 0.4 1 4.6 5.8 403 5.3 3.4 152 
Agsp 5.5 6.8 190 3.4 12.5 807 2.5 7.5 330 
co 
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highest rate (12.5 kg/ha) oil Upper Toner, 870 kg were removed. Both 
Idaho fescue and bluebunch wheatgrass were used on LKP at a light rate 
of 3.4 kg/ha for Idaho fescue and 7.5 kg/ha for bluebunch wheatgrass. 
An attempt was made to estimate the forage removed during winter by 
deer and elk using the ocular estimate by plot method (Table 12). 
During the winter of 1981-82, little use was made of the Lower Toner and 
Upper Toner pastures, only 6 kg/ha were removed on each. LKP had a 
higher rate of use, 52 kg/ha or an estimated 2286 kg was removed from 
the pasture. Part of that figure can be attributed to cattle grazing 
either in late fall or spring prior to sampling the transects. However, 
by temporal or spatial separation, an estimated 7 kg/ha of forage was 
removed on community 8/9 in Upper Toner and an average of 66 kg/ha was 
used in 6 communities of the original LKP pasture. 
General patterns of range utilization were recorded from spring and 
fall reconnaissance surveys and by observing grazing animals. Cattle 
primarily used creek bottoms, draws, and benches. During cool weather, 
as in July 1982, they used the upper slopes and ridges. During hot 
weather, they used the wooded northern aspects and creek bottoms. 
Elk used the upper slopes and ridges on all aspects while on winter 
range. Mule deer were generally found on the benches and upper slopes. 
White-tailed deer frequently used creek bottoms, lower slopes, and 
benches. Only a few were observed with cattle on summer pastures. 
Browsing was noted on serviceberry, chokecherry, rose, and shiny-leaf 
ceanothus. Rough fescue, Idaho Fescue, bluebunch wheatgrass, Kentucky 
bluegrass, and Sandberg's bluesgrass were grasses used by elk and deer. 
41 
Table 12. Forage utilization by cattle, elk, and deer by pasture, 
1982, estimated by the ocular estimate by plot method. 
Lower Toner Upper Toner LKP 
Cattle 
kg/ha 6.1 6.1 51.8 
Estimate of total kilograms 
removed on GNWR portion 
of pasture 171 425 2,286 
Percent of available forage 0.6 0.5 2.6 
Elk and Deer 
kg/ha 0 6.7 65.7 
Estimate of total kilograms 
removed on GNWR portion 
of pasture 0 467 2,899 
Percent of available forage 0 0.5 3.4 
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A common forb, consistently used, was goatsbeard. 
Range Condition 
Native species that increase with cattle grazing (increasers) were 
arrowleaf balsamroot (Basa) and Idaho fescue (Table 13). The only 
important native decreaser was bluebunch wheatgrass. All pastures were 
in fair condition except Lower Toner which was in poor condition, having 
only 20% of the native climax community. The other pastures ranged from 
26% for LKP-Baldhill and 27% for Upper Toner to 36% for LKP-3 Peaks and 
44% for the North End pasture. 
Range trend was down on Lower Toner, Upper Toner (the upper slopes 
and ridges were stable), and on the west aspect of LKP-Baldhill. LKP-3 
Peaks and North End pastures were stable and bunchgrasses were somewhat 
decadent. 
Subdivisions 
Subdivision development was at a virtual standstill during this 
study. Surveyors and public utility workers were busy on the Gleneagle 
parcel in 1980 (Fig. 12). No further work has been done on that site to 
date and plans for developing the Gleneagle addition were withdrawn 
indefinitely by the developers. Active development is occuring on the 
Limesprings parcel (8 lots), Grantland 13 (60 lots), and Grantland 12 
along Grant Creek (23 lots). A house was built in the hayfield across 
Table 13. Range condition of GNWR pastures. 
Feid 
Agsp 
Popr 
Basa 
Cema 
Phma 
Subtotal 
Lower Toner Upper Toner LKP--Baldhill LKP--3 Peaks North End 
Percent Percent 
Compo- in 
kg sition1  Climax 
Percent Percent 
Compo- in 
kg sition Climax 
Percent Percent 
Compo- in 
kg sition Climax 
Percent Percent 
Compo- in 
kg sition Climax 
Percent Percent 
Compo- in 
kg sition Climax 
896 
3,220 
2,324 
3,584 
19,460 
3 
10 
7 
11 
9,436 29 
--(<5%) 5,530 
10 
10 
10,430 11 
7,210 
23,870 
22,610 
7 
24 
23 
60 20  69,650 71 
6 
11 
10 
27 
2,508 
3,036 
3,960 
7 
9 
12 
4,180 12 
2,376 
16,060 47 
7 
9 
10 
26 
7,396 11 
10,062 15 
8,600 
9,632 
430 
36,120 
13 
14 
1 
53 
1 1  
15 
10 
36 
1,210 
8,140 
495 
3,740 
1,925 
8,470 
23,980 
4 
25 
2 
12 
6 
2 6  
75 
4 
25 
10 
5 
44 
Total pasture 
production 32,600 
Condition class Poor 
97,610 
Fair 
34,086 
Fair 
68,723 
Fair 
31,986 
Fair 
1  Plants with less than 3% of total composition are not included. 
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Figure 12. The location of houses and subdivisions around the GNWR.  
Subdivisions shown are: A, Grantland 1-10 (36 houses);   
B, Grantland 11, phase II (14 lots); C, Grantland 11, 
phase I (16 lots); D, Limesprings (8 lots); E, Grantland 12 
(23 lots); F, Grantland 13 (60 lots); G, Gary R. Marbut 
property (3 lots); and IT, Gleneagle (145 lots). 
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Grant Creek road from Grantland 11 in 1981. Construction on 1 house was 
started during 1982 on the Limesprings addition and 1 house is currently 
under construction on Grantland 11, phase I. Houses already constructed 
near the GNWR and the parcels to be developed near the GNWR are shown in 
Figure 12. 
DISCUSSION 
Elk and Deer Populations 
Elk are gregarious animals, particularly on winter range (Murie 
1951). Mule deer (Geist 1981) and to some extent white-tailed deer also 
congregate at that time (Halls 1978). The open southern and western 
exposures enabled observation of the animals while they were in large 
groups. The minimum populations of 34 and 28 elk seen during the 
winters of 1980-81 and 1981-82, respectively, were comparable to 
observations by residents during the last 30 years, indicating a stable 
population. 
This elk herd seems distinct from the herd on elk ridge, east of 
Rattlesnake Creek. On 1 April 1981, 30 elk were observed on the GNWR 
* 
and another herd of 27 were seen on elk ridge. Elk movement across 
Grant Creek towards Butler Creek was not detected during this study. 
Residents did report observations of elk on the ridge between Butler and 
Grant creeks during the winter of 1981-1982. 
The minimum population of 61 mule deer on the GNWR in 1981 compared 
closely to the 59 observed in 1982. Generally, mule deer were in small 
groups scattered over the range, as was suggested by the mean group 
sizes of 15 in 1981 and 10 in 1982. The decrease of 33% in the mean 
group size during 1982 probably reflects factors such as weather, 
changing seasons, behavior, and observability. Mackie (1970) found that 
46 
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observed numbers of mule deer did not reflect population changes, and 
the same proportion of the population was not seen at a given season 
during different years. 
White-tailed deer were seen in scattered bands of 3-7, particularly 
along the valley bottom and associated draws. A minimum population 
estimate of 27 in 1981 and only 7 in 1982 also indicates variations in 
behavior, responses to weather, and observability. Deep, crusty snow 
during winter 1982 made travel difficult on the south aspects, so deer 
did not use these areas as in 1981. Visual observations of animals 
scattered through the timber did not reflect the total population 
numbers. Care needs to be taken using these population numbers, even as 
an index. 
Population estimates from pellet group counts appear to 
overestimate the herd size. Pellet group counts have several weaknesses 
when used to estimate populations. Primarily, the number of days spent 
on the winter range must be known to calculate population numbers, this 
was, at best, a crude guess. 
Big Game Concentration Areas and Migration Corridor 
Elk pellet group counts during 3 years indicate concentrations on 
the north end of Upper Toner, LKP-Baldhill, LKP-3 Peaks and the ridge at 
the north end of the GNWR. This corresponds to visual observations from 
the ground and air. Although much of the GNWR is used at some time, 
particularly by deer, elk primarily used forested areas and adjacent 
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open areas (Fig. 3). Severe weather, primarily snow depth, is sometimes 
responsible for movements on winter ranges, but lack of forage also 
forces movements according to Severinghaus (1947) and Edwards (1956). 
Elk and deer moved on and off of the GNWR throughout the winter, 
traveling about the winter range. 
Radio-location flights were flown at varying times and intervals, 
depending on weather and schedules. Locations from flights reflect 
morning feeding and bedding locations and do not represent use during 
other periods of the day. Ground tracking, also at varying intervals, 
reflect use during daylight hours. Many location points on Figure 3 
represent several readings at that location because the computer printed 
them on top of each other. 
The area between Grant and Rattlesnake creeks was the primary 
migration corridor between summer and winter ranges (Fig. 4). Animal 
locations along the migration corridor were in a wide variety of 
habitats. 
Migration of elk and deer from summer range took place during late 
fall and early winter. Factors triggering fall migrations vary as much 
as the patterns of migration themselves. Searches for food, snow 
accumulation, snowstorms, and temperature have been suggested as 
triggering mechanisms (Russell 1932, Rasmussen 1941, Edwards 1942, Murie 
1951, Brazda 1953, Anderson 1954, Edwards and Ritcey 1956). Although 
elk and mule deer left winter range from April through June, elk 
traveled between winter and summer ranges throughout summer and fall. 
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Cattle Grazing 
Attaining proper utilization of the range is often a major problem 
for range managers. The GNWR topography is moderate to steep, with good 
forage on the upper slopes. The cattle overuse the bottoms and the 
lower elevational areas, while generally under-utilizing the upper 
slopes. Herding cattle and proper placement of water developments and 
salt blocks are partial remedies (Stoddard et al. 1975), but cool 
weather has been the most effective. Portions of June and July 1982 
were cool, allowing a more uniform cattle distribution over the Lower 
Toner and LKP-Baldhill pastures; however, during most years, forage 
utilization by cattle was not evenly distributed. 
Cattle grazing on the GNWR has the potential to be competitive with 
or beneficial to elk and deer. Nelson and Burnell (1976) list factors 
to be evaluated in understanding the degree of competition as: "(1) 
diet similarity, (2) forage availability, (3) livestock-game 
distribution patterns, (4) timing of use, and (5) social interactions". 
|cattle and elk use grass extensively (Hansen and Reid 1975, Cole 1958); 
however, cattle will use browse on overgrazed range and compete with 
deer (Julander 1958). Competition increases as the availability of the 
preferred forage is diminished (Cole 1958, Julander 1958, Stevens 1966, 
Snyder 1969). 
50 
Patterns of distribution depend on many factors, particularly 
topography and the presence of water, roads, and salt (Reynolds 1964). 
Competition is reduced on ranges when cattle use creek bottoms and 
gentle slopes while elk and mule deer use steeper, upper slopes (Morris 
1956, Cole 1958, Julander 1958, Julander and Jeffery 1964, Skovlin et 
al. 1968, Mackie 1970, Komberec 1976, Wunder 1980). On the GNWR during 
hot summers, cattle and elk seperate by elevation; during cool summers 
cattle use the same areas used by elk in winter. Some elk remain until 
cattle are placed on summer range and social interactions could occur at 
that time. 
Careful manipulation of cattle numbers and timing of grazing 
reduces negative impacts of cattle on wildlife (Skovlin 1967). Grazing 
of bunchgrasses on grasslands encourages fall regrowth (Skovlin 1967). 
Anderson and Scherzinger (1975) found elk winter range could be improved 
by grazing cattle until mid-growing season to 'top off' plants. They 
removed the cattle while enough moisture remained in the soil for 
regrowth to reach early seedstalk stage by the end of the growing 
season. They found heat and drought fixes nutrients in the leafy 
regrowth, providing excellent winter forage for deer and elk. 
Changes in Ranch ownership altered cattle grazing practices. 
Recent pasture fencing has also changed cattle grazing patterns from 
past use, and more fencing is likely to occur in the future. Future 
cattle use of the LKP-3 Peaks and North End pastures (as well as other 
pastures if the GNWR property is eventually fenced in its entirety) will 
require water development. 
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Forage Production 
Vegetation sampling often generates large standard errors because 
of the highly variable composition and life forms of the plant species. 
The standard errors often exceeded the mean by 100-200% for forage 
production estimates (Appendix C). This obscures the true rates of 
forage production and the resulting summary figures are, at best, 
approximations. However, satisfactory estimates of herbage and browse 
weights on western ranges have been found using the double sampling 
technique (Wilm et al. 1944). Hilmon (1959) regarded it as the best 
method available for determining herbage weight economically on range 
surveys in the southeast. Higher than normal rainfall during May and 
June 1981 was probably responsible for greater mean forage production 
that year (Fig. 13). 
Total forage production for excellent condition range on this type 
of range site is normally 2015 kg/ha. Production varies from 2463 to 
1120 kg/ha during favorable to less favorable years (USDA-SCS Soil 
Scientist, pers. comm.). The 2-year average for total production on 
Upper Toner, in fair condition, was 1395 kg/ha, and 1164 kg/ha on Lower 
Toner, in poor condition. The other pastures produced less because of 
forested areas. 
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Figure 13. The mean monthly precipitation and temperatures for 1981 
and 1982 in relation to the long term mean. 
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Forage Utilization 
Some factors that are important in measuring utilization are: (1) 
vegetative portions removed by natural weathering processes, (2) 
vegetative portions removed by insects and rodents, and (3) methods 
estimating use on plants present (percent of plants grazed and ocular 
estimate by plot methods) miss plants, particularly forbs, that are 
uprooted by grazing animals. Proper utilization was reviewed by Hedrick 
(1958). Many factors affect proper utilization (Stoddard et al. 1975). 
Harris (1954) found variable utilization on a bluebunch wheatgrass range 
in Oregon averaging 50%. Utilization on the GNWR was 55% in 1981 and 
35% in 1982 on Lower Toner and 52% and 85% during 1981 and 1982 on Upper 
Toner pastures, based on double sampling. By contrast, in 1982 the 
ocular estimate by plot method measured 0.6% utilization in Lower Toner 
and 0.5% in Upper Toner. The percent of plants grazed method found only 
light utilization of Idaho fescue and bluebunch wheatgrass. The LKP 
pasture had very little utilization, 5% from the double sampling method, 
2.6% by the ocular estimate by plot method, and light utilization by the 
percent of plants grazed method. Wide differences in estimates of 
utilization prevent accurate assessment of forage removed. 
Reconnaissance surveys found utilization light to moderate except on 
heavily used west and northwest aspects of LKP-Baldhill and creek 
bottoms of Upper and Lower Toner. 
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Animal Unit Months (AUM's) were estimated for these pastures based 
on recommended stocking rates for this range site under the various 
range conditions (USDA-SCS 1977). AUM's of forage actually used were 
higher than those recommended on some of the pastures. Assessing proper 
use levels for entire pastures on information derived from portions of 
the pasture is difficult, as in the case of Upper and Lower Toner 
pastures during both years and for LKP during 1981. Excessive grazing 
by cattle occurred on some areas of the GNWR, but overall, grazing was 
moderate during the years of this study. 
Deer and elk are not in sufficient numbers to overuse the range, 
although some areas are heavily browsed. The LKP pasture had 3.4% of 
the available forage used in 1982, the highest observed. The 
free-ranging wild ungulates spend from just several days to several 
weeks at 1 location before moving to other areas. Elk and deer used 
forbs, often uprooting the entire plant, making it difficult to 
determine the species of plant. 
Range Condition 
Relative composition by weight of annual production on this range 
site at climax should be, approximately, 88% graminoids, 10% forbs, and 
2% woody species (USDA-SCS 1977). The GNWR has considerably more forbs 
and shrubs and less graminoids than climax. Relative composition is 40% 
graminoids, 50% forbs and 9% shrubs, possibly a better composition ratio 
for deer than would be climax. 
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Range condition does not always correlate with preferred elk and 
cattle forage. The composition of the plant species can be derived from 
botanical measurements, but the animal preference is difficult to 
determine. Although introduced plant species reduce the condition 
class, some palatable, nutritious, and productive non-native species are 
preferred by elk and cattle. Mosaics produced by uneven cattle grazing 
provide a variety of vegetative communities, leaving more choice for the 
animals, 
The results of the range condition survey of the pastures were 
similar to the conditions recorded from the permanent transects in their 
respective pastures. Transects 2 and 5, located on the LKP-3 Peaks 
pasture, transect 4 on the North End pasture, and transect 1 on Upper 
Toner were in agreement. Transect 3, located on the LKP-Baldhill, rated 
that location as Good condition, while the average value for that 
pasture was Fair. No permanent transect was placed in Lower Toner, 
The winter range provides a wide variety of habitats. All of the 
critical habitats described by Lyon and Ward (1982) and Thomas et al. 
(1979) (thermal cover, hiding or security cover, foraging areas, and 
water) are present. The main ridge crossing the Spurlock, Cox, Kinney, 
and NWF properties provides good forage on the upper south and west 
aspects and browse and dense cover on the north and east aspects. About 
30 wintering elk and 100-200 white-tailed and mule deer indicate an 
acceptable level of critical habitat. A study at nearby Lolo, Montana, 
found that cover, of all habitat requirements, was most threatened by 
subdivision development (Hayden 1975). He found that the cover used 
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most by wildlife was separated by distance or physical barriers from 
residential areas. 
Subdivisions 
The effects of subdivision development on elk and deer numbers and 
movements were minimal at the time of this study because of market 
conditions. Some evidence exits that elk used the west side of the 
3-Peaks hill for grazing and for north and south travel before houses 
were placed on the Gary R. Marbut property. The area east of the 
3-Peaks is now used as a north/south travel corridor. This is based on 
observations by local residents, the lack of new pellet groups on the 
west side, and the presence of recent pellet groups on the east side. 
Other changes from past use havebeen noted by residents. Whether these 
are major changes or due to weather, forage availability, forage 
preference, or behavioral adjustments is speculation. Elk have been 
observed grazing on the top and southern aspects of 3-Peaks, as well as 
the meadow area to the south during each year of the study. I have not 
observed major changes in population numbers or patterns of use by elk 
or deer during this study. 
The related impacts of humans dwelling near the GNWR are probably 
limited to disturbances by occasional hikers, skiers, and hunters 
passing through the area and by dogs harassing deer and elk on the 
range. Hunters were seen crossing the southeast corner of the GNWR 
once, they did not appear to be hunting at the time. A hiker and 4 sets 
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of ski tracts were observed, a low rate of trespass for the 2 3/4 years 
of this study. Dogs were seen running loose on the GNWR, occasionally 
chasing deer. Dogs have not been a big problem on the GNWR and the 
local residents seem to make a genuine effort to restrain pets and seek 
out strays. 
Deer and elk loss and injury due to dogs is difficult to document 
accurately. In a nation-wide survey of agricultural, wildlife, and 
natural resource agencies, Denny (1974) estimated 20,000 deer were 
killed in the 32 states that responded. Dogs were blamed for losses up 
to 8% of the known deer loss. Lyon (1969) found that large packs of 
domestic dogs killed 4 elk during a period of 3 weeks in Idaho. He 
found elk and deer were more vulnerable to dogs on winter range because 
of snow accumulations, reduced energy reserves, and the proximity of 
winter ranges to human habitation. Also, dogs became adept at avoiding 
humans and were difficult to discourage or control because of abundant 
escape cover and rugged terrain. Hayden (1975) thought deer populations 
would be permanently displaced from their home ranges if dogs continued 
to roam free on those ranges. 
MANAGEMENT RECOMMENDATIONS 
1. Fence the remaining GNWR boundary and develop water on pastures 
to provide better control of cattle grazing. 
2. Continue differential cattle grazing to simulate past grazing 
practices and to provide a consistent cause/effect relationship for 
comparison with future changes in housing developments. In the future, 
management may be varied to test influences of various levels of 
grazing. 
3. Continue to monitor cattle grazing to protect the range and to 
ensure sufficient winter forage for elk and deer. 
4. Promote landowner/NWF relations to encourage cooperation with 
dog and tresspass control. 
5. Repeat this study in 5 years (1988) to monitor increased 
subdivision development and its impact on elk and deer. 
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APPI'W'DJX A 
plant si*r;c:iks l ist 
Botanical  Name Family Nome Common Name 
Graminoids 
Agcr Agropyron cristatum Gramineae crestcd wheatgrass 
Agsp Agi'opvron spi e.atum bluebunch wheatgrass 
Agse A^rcj.stijj  scabra winter bentgrass 
Mrca Uroinus IL'TLLili it i i i j  California l iromc 
Br in Bromus iner mis smooth brome 
Brja Bromus japonicus Japanese brome 
Brte Bromus tectoram cheat grass 
Capu Calamagrostis  purpurascens purple reedgrass 
Caru Calamagrostis  rubescens pinegrass 
Cafi  Carex fi l i fol ia Cyperaceae thread-leaved sedge 
Cage Carex geyeri  elk sedge 
Daun Danthonia unispicata Gramineae onespike danthonia 
Fear Festuca arundinacea tall  fescue 
Feid Festuca idahoensis Idaho fescue 
Felo Festuca longifolia hard fescue 
Fesc Festuca scabrella rough fescue 
Mode Hordeum depressum meadow barley 
Jufi  J uncus f i l i formis Juncaceae thread rush 
Kocr Koelcria cristat.a Gramineae prairie Junegrass 
Phpr Phleum pratense common timothy 
Poco Poa compress a Canada bluegrass 
Pone Poa nervosa Wheeler's  bluegrass 
Popr Poa pratensis Kentucky bluegrass 
Posa Poa sandbergii  Sandberg's bluegrass 
Stco Stipa comata needle-and-thread 
Stoc Stipa occidcntalis  western needlegrass 
Stri  Stipa r  ie hards on i i  Richardson's needlegrass 
Stvi  Stipa viridula green needlegrass 
Forbs 
Acmi Achil lea millefolium Compositae common yarrow 
Alee Allium cernuum Liliaceae nodding onion 
Alal  Alyssum alyssoides Cruciferae pale alyssum 
Annu Anemone nuttall iana Ranunculaceae pasqueflower 
Anan Antennaria anaphaloides Compositae tall  pussy-toes 
Anpa Antennaria parvifolia Nuttall 's  pussy-toes 
Apan Apocynum androsaemifolium Apocynaceae spreading dogbane 
Arho Arabis holboell i i  Cruciferae Ilolboell 's  rockcress 
Arnu Arabis nuttall i i  Nuttall 's  rockcress 
Area Arenaria capil laris  Caryophyllaceae mountain sandwort 
Arse Arenaria serpyll ifol ia thyme-leaf sandwort 
Arco Arnica cordifolia Compositae heart-leaf arnica 
Arfu Arnica fulgens orange,  hil ls ide arnica 
Arlu Artemisia ludoviciana prairie sage 
Asco Aster conspicuus showy aster 
Asfa Aster l 'alcatus creeping white prairie aster 
Asia Aster laevis smooth aster 
Asmi Astragalus miser Leguminosae weedy milk-vetch 
Aspu Astragalus purshii  Pursh's milk-vetch 
Basa Balsam or hiza sagittata Compositae arrowleaf balsam root 
Bewy Besseya Wyoming ens is  Scrophulariaceae Wyoming besseya 
Br do Brodiaea douglasii  Lil iaceae Douglas1  brodiaea 
Caap Calochortus apiculatus pointed mariposa 
Caro Cam pa nulla rolundifolia Campanulaceae Scotch bellf lower,  harebell  
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Appendix A. Continued. 
Botanical  Name Family Name Common Name 
Forbs (continued) 
Canu Carduus nutans Compositae bristle thistle 
Caan Casti l leja angustifolia Scrophulariaceae Northwest paintbrush 
Casu Casti l leja sulphurea sulphur paintbrush 
Ccma Centaur ea maculosa Compositae spoiled knapweed 
Gear C or an t i  u rn a r v ens < ? Caryophyllaceae f ield duckweed 
Chvil  Chrysop.sis  vjJ.los_a Compositae hairy golden-aster 
Ciun Cirsium undulatum wavy-leaved thistle 
Copa Coll insia parvil ' lora Scrophulariaceae small-f lowered blue-eyed Mary 
Coli  Collomia l inearis Polemoniaceae narrow-leaf collomia 
Crat Crepis atrabarba Conipositae slender hawksbeard 
Cygl Cymopterus glaticus Umbell iferae grayish cymopterus 
Cyof Cynoglossum officinale Boraginaceae common hound's-tongue 
Deri Descurainia richardsonii  Cruciferae mountain tansymustard 
Diar Dianthus armeria Caryophyllaceae grass pink 
Doco Dodecatheon con-jugens Primulaceae desert shooting star 
Epan Epilobium angustifolium Onagraceae f ireweed 
Eppa Epilobium paniculatum autumn willow-weed 
Erco Erigeron compositus Compositae cut-leaved daisy 
Erdi Erigeron divergens diffuse,  spreading fleabane 
Ersp Erigeron spcciosus showy fleabane 
Erst Erigeron strigosus branching daisy 
Erum Eriogonum umbellatum Polygonaceae sulphur buckwheat 
Eras Erysimum asperum Cruciferae rough wallf lower 
Eues Euphorbia esula Euphorbiaceae Esula,  leafy spurge 
Fiar Filago arvensis Compositae f ield f i lago 
Frvi Fragaria virginiana Rosaceae strawberry 
Frpu Friti l laria pudica Lil iaceae yellow frit i l lary 
Gaar Gail lardia aristata Compositae blanket -f lower 
Gabo Galium boreale R ubiaceae northern bedstraw 
Gevi Geranium viscosissimum Geraniaceae sticky leaf geranium 
Getr Geum trit ' lorum Rosaceae prairie smoke avens 
I fecy Ileuchera cylindrica Saxifragaceae roundleaf alumroot 
Il icy Il ieracium cynoglossoides Compositae hounds-tongue hawkweed 
Hyni Ilyoscyamus niger Solanaceae black henbane 
Lare Lappula redowskii  Boraginaceae western stickseed 
Liv u Lin aria vulgaris Scrophulariaceae butter and eggs 
Liru Lithospermum ruderalc Boraginaceae western gromwell  
Lotr Lomatium triternatum Umbell iferae nine-leaf lomatium 
Lula Lupin us laxiflorus Leguminosae spurred lupine 
Luwy Lupinus wyethii  Wyeth's lupine 
Meof Meli lotus officinalis  yellow sweet-clover 
Meob Mertensia oblongifolia Boraginaceae leafy bluebells  
Minu Microseris nutans Compositae nodding microseris 
Migr Microsteris  gracil is  Polemoniaceae pink microsteris  
Mofi  Monarda f istulosa Labiatae wild bergamot 
Mope Montia perfoliata Portulacaceae miner's lettuce 
Orte Orthocarpus tenuifolius Scrophulariaceae thin-leaved owl-clover 
Pepr Penstemon procerus small-f lowered penstemon 
Pewi Penstemon wilcoxii  Wilcox's penstemon 
Phha Phacelia hastata riydrophyllaceae whiteleaf phacelia 
Phhe Phacelia heterophylla varileal'  phacelia 
Phli  Phacelia l inearis threadleaf phacelia 
Pip a Plantago patagonica Plantaginaceae Indian-wheat 
Podo Polygonum douglasii  Polygonaceae Douglas'  knotweed 
Poar Potentil la arguta Rosaceae tall  cinquefoil  
Pogr . lJotentil la gracil is  potentil la 
Pore Potentil la recta erect cinquel'oil  
Prvu Prunella vulgaris Labiatae self ,  al l-heal 
Appendix A. Continued. 
Botanical  Name Family Name Common Name 
Forbs (continued) 
Ragl Ranunculus glaberrimus Ranunculaceae sagebrush buttercup 
R uac Humcx acetosella Polygonaceae sheep sorrel  
R ucr Rum ex crispus curly dock 
Sest Sedum stenopetalum Crassulaccac wot'nileaf stoueerop 
Sue a Sj^neej_0 camis Compositae woolly groundsel  
Scin Scnecio integerr imus w e s  I or) i g  r  o u n d s  e 1 
Sian Silene antirrhina Caryophyllaceae sleepy catchOy 
Si or S 1.1 ene ot'Cffana Oregon si lene 
Sial  Sisymbrium a It i  s  s  i m u m Cruciferae tumblem usta rd 
Silo Sisymbrium loe s  e 1 i  i  Locsel  tumblem us tar d 
Smra Smilacina racemosa Lil iaceae western Solomon's seal  
Som i Sol  i i la go m i s  s  o u r i  ens is  Compositae Missouri go I den rod 
Taof Taraxacum ofi' ici i \a.1 e  common dandelion 
Thoc Thalictrum occidentale Ranunculaceae western mcadowrue 
Trdu Tragopogon dubius Compositae yellow salsify 
T r mi Tragopogon miscellus hybrid goatsbeard 
Trpr Trifolium pratense Leguminosae red clover 
Vebl Verbascum blattaria Scrophulariaceae moth mullein 
V eth Verbascum thapsus common, f lannel mullein 
Veve Veronica verna speedwell  
Vinu Viola nuttall i i  Violaceae Nuttall 's  violet  
Zive Zigadenus venenosus Lil iaceae meadow death-camas 
Shrubs,  subshrubs,  and trees 
Acgl Acer glabrum Aceraceae Rocky Mountain maple 
Amal Amelanchier alnifolia Rosaceae -western serviceberry 
Aruv Arctostaphylos uva-ursi  Ericaceae kinnikinnick 
Arfr Artemisia frigida Compositae fringed sagebrush 
Artr Artemisia tridentata big sagebrush 
Bere Berberis repens Berberidaceae creeping Oregongrape 
Ceve Ceanothus velutinus Rhamnaceae shiny-leaf ceanothus 
Chvis Chrysothamnus viscidiflorus Compositae green rabbit-brush 
Crdo Crataegus douglasii  Rosaceae black hawthorn 
Hodi Holodiscus discolor mountain spray 
Jusc Juniper us scopulorum Cupressaceae Rocky Mountain juniper 
Phle Philadelphus lewisi i  Hydrangeaceae mockorange 
Phma Physocarpus malvaceus Rosaceae mallow ninebark 
Pipo Pinus ponderosa Pinaceae ponderosa pine 
Potre FJopulus tremuloides Salicaceae quaking-asp en 
Potri  Populus tricl iocarpa black cottonwood 
Prvi Prunus virginiana Rosaceae common chokecherry 
Psme Pseudotsuga menziesi i  Pinaceae Douglas -f ir 
Riir Ribes irriguum Gross ulariaceae Idaho gooseberry 
R owo Rosa woodsii  Rosaceae Wood's rose 
Sasc Salix scouleriana Salicaceae Scouler wil low 
Sara Sambucus racemosa Caprifoliaceae black elderberry 
Shea Shcpherdia canadensis Elaeagnaceae Canada buffalo-berry 
Spbe Spiraea betulifolia Rosaceae shiny-leaf spirea 
Syal Symphoricarpos albus Caprifoliaceae common snowberry 
APPENDIX B 
PERMANENT TRANSECTS 
Data on permanent transects included: 1) location and methodology, 
2) foliar cover, 3) plant density, 4) forage production, 5) forage 
utilization, 6) range condition, 7) soil disturbance, and 8) 
photographic transects. 
Location and Methodology 
The location of each transect was shown in Figure 10. Transect 1 
was placed just west of, and parallel to, the farm road in the Upper 
Toner pasture as it enters the southeast corner of the GNWR. The 
transect lies approximately in a north-south direction. 
Transect 2 was placed on the saddle south of the 3-Peaks hill and 
east of the Gary R. Marbut property. The transect runs approximately 
north-south, and is just west of the farm road as it crests a knoll. 
Transect 3 lies on the northwest ridge of the Baldhill, 
approximately 2/3rds of the way up the hill. The transect can be 
accessed only on foot or horseback, a vehicle can be driven on the farm 
road around the north side of the Baldhill and left where an old skid 
trail crosses the road, just west of the draw. From that point, continue 
uphill on the skid trail by foot, after reaching the edge of the open 
grassland, follow the contour of the hill to the west and south. The 
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transect runs approximately north-south (205 degrees) with the north 
endpost positioned near the base of a large, fallen ponderosa pine tree. 
Transect 4 was placed on the southwest aspect of the ridge at the 
north end of the GNWR. The transect is accessed by the Colorado Gulch 
road, traveling onto the Caster access road to its exit from the GNWR. 
At this point, double back on the road and travel south approximately 
270 m. The north endpost lies uphill about 60 m in a direction 
perpendicular to the road. The transect lies southeast of the endpost at 
120 degrees. 
Transect 5 lies about 150 m northeast (30 degrees) from the 
northwest corner of the Gary R. Marbut property. The transect lies 
east-west at about 100 degrees from the west endpost. 
The north-most rebar on transects 1-4, and the west-most rebar on 
transect 5 are the starting points for each measurement. A 30.5 m tape 
was stretched between the reinforcement bars used as end points while 
measurements were made. 
Foliar Cover 
Foliar cover was measured by recording the length of the 
interception of the tape with each plant. This length was recorded to 
the nearest millimeter for each species. Sections 1.83 m in length were 
measured starting at 3.05, 9.14, 15.24, 21.34 and 27.43 m from the 
starting point, this totaled 9.14 m. The total interception length of 
each species was divided by the total length measured, multiplied by 
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100, for the percent cover. The length, in centimeters, and the percent 
cover of each plant is listed by transect in B2. 
Plant Density 
All plants were counted in 4 0.45 m2 (45.7 x 97.5 cm) rectangular 
plots. These plots were placed at the 6.10, 12.19, 18.29 and 24.38 m 
points on the tape. The plot frame was placed so that the shortest side 
was centered at the point and adjacent to the tape. The plot was located 
on the east side of transects 1-4 and on the north side of transect 5. 
The 4 plots were averaged for each species, then divided by 0.4461 to 
yield number of plants per square meter. Individual plants were counted, 
each stem was considered 1 plant except for bunchgrasses and sod- or 
mat-forming species. In the case of the bunchgrasses, a plant consisted 
of the entire 'bunch' or group of stems. For sod- or mat-forming plants, 
an individual plant was the aerial portion surrounding each rooted 
portion (Appendix B3). 
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Appendix B2.  Foliar cover.  
Transect 
Length 
(cm) 
Percent 
Cover 
Length 
(cm) 
Percent 
Cover 
Length 
(cm) 
Percent 
Cover 
Length 
(cm) 
Percent 
Cover 
Length 
(cm) 
Percent 
Cover 
ranunoids 
Agsp (i .4 0.7 11.r,  o .n 35.7 1 .2  0.1 12,0 1.3 
Mrja /  ItrU- 5.2 0.6 3.7 0.'1 
Daun 1.8 0.2 
Fcid 1 4 .6 1.6 20.4 2.2 4.6 0.5 11.6 1.3 
Fesc 7.0 0.0 33.8 3.7 0.6 0.1 8.2 0.9 
Kocr 1.2 0.1 1.8 0.2 3.7 0.4 -1.6 0.5 1.8 0.2 
Popr 10.1 1.1 2.4 0.3 0.6 0.1 3.0 0.3 15.4 1.7 
Stvi  0.6 0.1 0.3 0.0 0.3 0.0 3.4 0.4 
Total  44.5 4.9 69.3 7.6 45.5 5.0 28.9 3.1 36.3 4.0 
orbs 
Acmi 32.0 3.5 21.3 2.3 0.6 0.1 24.7 2.7 24.7 2.7 
Alal  2.4 0.3 1.5 0.2 0.3 0.0 
Anpa 11.0 1.2 7.6 0.8 14.6 1.6 
Area 27.6 3.0 16.5 1.8 
Arse 0.3 0.0 0.3 0.0 0.9 0.1 3.0 0.3 
Asco 33.6 3.7 
Basa 157.6 17.2 73.5 8.0 68.0 7.4 13.7 1.5 121.0 13.2 
Cema 14.9 1.6 
Chvil  8.2 0.9 1.2 0.1 14.3 1.6 
Copa 14.4 1.6 6.7 0.7 
Crat 0.9 0.1 
Eppa 0.6 0.1 4.3 0.5 0.3 0.0 6.2 0.7 
Erst 2.7 0.3 
Frvi 
11 icy 7.6 0.8 2.4 0.3 
Lira 7.6 0.8 42.7 4.7 
Lupinus spp. 4.9 0.5 12.5 1-4 7 9.9 8.7 14.6 1.6 
Migr 2.4 0.3 
Orte 0.9 0.1 0.1 0.0 1.6 0.2 
Poar 2.1 0.2 
Pogr 41.5 4.5 0.9 0.1 
Silo 1.5 0.2 
Somi 12.2 1.3 
Trmi 10.7 1.2 
Unknown 22.6 2.5 66.7 7.3 0.6 0.1 
Total  326.9 35.7 162.0 17.5 105.5 11.6 283.5 30.9 18 9.5 2 0.8 
Grand Total  371 41 231 25 151 17 312 34 226 25 
Appendix B3. Plant density. 
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Transect 
1 2 3 4 5 
x/m2  s x/m2  s x/m2  s x/m2  s x/m2  s 
raminoids 
Agsp 11.8 6.4 17.9 9.2 10.1 12.9 37.5 29.8 16.8 2.2 
Brja/Brtc 102.6 84.4 1.1 2.2 75.7 34.9 
Daun 6.7 6.1 
Feid 49.3 21.0 48.2 13.8 43.2 41.4 4.5 5.2 0.6 1.1 
Fesc 3.4 2.9 6.2 4.2 0.6 1.1 2.8 2.1 
Kocr 1.1 1.3 7.8 7.0 2.2 1.8 3.9 5.3 5.0 1.1 
Popr 41.5 8.0 10.1 6.5 237.1 64.5 
Stri 1.1 1.3 
Stvi 7.8 7-4 5.0 5.9 21.3 13.0 
Forbs 
Acmi 76.8 46.2 17.9 13.8 2.2 4.5 42.0 15.0 14.6 15.3 
Alal 25.8 51.6 
Anpa 14.0 12.1 22.4 3.2 33.1 66.1 5.0 7-4 54.4 108.7 
Area 32.5 30.7 
Arse 34.7 47.6 3.4 2.2 0.6 1.1 14.0 16.4 
Asfa 5.6 9.8 
Basa 1.1 2.2 3.9 2.1 5.0 7.2 1.1 2.2 2.2 3.2 
Chvil 0.6 1.1 10.1 16.0 
Eppa 0.6 1.1 13.4 0.0 8.4 11.0 25.8 23.3 
Ersp 1.1 2.2 
Gabo 75.7 17.7 
Hicy 4.5 3.2 
Liru 1.7 2.1 0.6 1.1 
Lupinus spp. 2.8 2.8 7.3 6.4 
Orte 21.9 23.3 0.6 1.1 
Phhe 1.1 2.2 
Poar 0.6 1.1 1.7 2.1 
Sial 0.6 1.1 
Somi 5.0 10.1 90.8 107.7 
Trmi 1.1 1.3 1.7 2.1 0.6 1.1 
Unknown forb 4.5 3.2 63.3 32.5 53.8 86.6 145.1 115.0 
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Forage Production 
Forage production was measured by clipping 2 0,45 m2 plots. Major 
plant species were collected separately, minor species were grouped in 
miscellaneous forb or grass categories. Collected plants were oven dried 
and weighed. Production estimates in kilograms per hectare were 
generated for these species. The plots were placed at the 0,91 and 19,20 
m marks for transects 1 and 2, and at the 3,96 and 19,20 m marks for 
transects 3-5, The rectangular plots were centered along the shorter 
side, laying the plot on the east side of the first 4 transects and on 
the north side of transect 5 (Appendix B4). 
Forage Utilization 
Utilization was measured by the ocular estimate by plot method 
(Pechanec and Pickford 1937), Production plots were used for the ocular 
estimate prior to being clipped. No utilization was detected on any of 
the transects. 
Range Condition 
Condition of the range at transects 1, 2, 4, and 5 was fair, 
transect 3 was in good condition (Appendix B5). 
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Appendix B 4. Forage production. 
Plot a Plot b 
Transect Plant Species (g) dry wt. (g) dry wt. x s kg/ha 
1 Graminoids 
Feid 25.4 11.9 18.7 9.5 418 
Fesc 1.8 0.9 1.3 20 
Agsp 2.2 3.3 2.8 0.8 62 
Kocr 2.0 1.0 1.4 22 
Stvi - - 0.5 0.3 0.4 6 
Total 528 
Forbs 
Acmi 3.9 4.6 4.3 0.5 95 
Lupinus spp. 8.4 - - 4.2 5.9 94 
Other forbs 5.1 9.8 7.5 3.3 167 
Total 356 
Grand total 884 
Graminoids 
Feid 4.7 16.0 10.4 8.0 232 
Fesc 5.2 2.2 3.7 2.1 83 
Agsp 6.9 1.1 4.0 4.1 90 
Daun 2.0 - - 1.0 1.4 22 
Total 42 7 
Forbs 
Acmi 2.2 22.5 12.4 14.4 277 
Basa 7.2 - - 3.6 5.1 81 
Other forbs 2.8 4.8 3.7 1.2 82 
Total 440 
Grand total 867 
Graminoids 
Agsp 31.0 36.4 33.7 3.8 755 
Kocr — 11.0 5.5 7.8 123 
Total 878 
Forbs 
Acmi - - 12.6 6.3 8.9 141 
Basa 36.3 18.2 25.7 407 
Other forbs 10.7 5.4 7.6 120 
Total 668 
Grand total 1,546 
74 
Appendix B 4. Continued. 
Transect Plant Species 
Plot a 
(g) dry wt. 
Plot b 
(g) dry wt. X s kg/ha 
4 Graminoids 
F eid 14.1 11.1 12.6 2.1 282 
Total 282 
Forbs 
Acmi 12.2 14.0 13.1 1.3 2 93 
Lupinus spp. 20.8 - - 10.4 14.7 233 
Other forbs 13.9 19.3 16.6 3.8 372 
Total 898 
Grand total 1,180 
5 Graminoids 
Agsp 10.2 - - 5.1 7.2 114 
Popr 17.3 11.6 14.5 4.0 324 
Kocr 15.0 - - 7.5 10.6 168 
Brja/Brte — 9.8 4.9 6.9 110 
Stvi - - 10.5 5.3 7.4 118 
Total 834 
Forbs 
Acmi - - 22.7 11.4 16.1 254 
Frvi 13.1 6.6 9.3 147 
Chvil 8.9 8.4 8.7 0.4 194 
Lupinus spp. 8.7 4.4 6.2 97 
Total 692 
Grand total 1,526 
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Appendix B5. Range condition. 
Percent Percent 
Plant Compo- Grazing in 
Transect Species kg/ha sition Response Climax Condition 
Feid 418 47 Inc 20 
Fesc 20 2 Dec - -
Agsp 62 7 Dec 7 
Kocr 22 2 Inc - -
Stvi 6 1 Dec 
Acmi 95 11 Inc \ 
Lupinus spp. 94 11 Inc > 10 
Other forbs 167 19 Inc ) 
Total 884 100 37 
Feid 232 27 Inc 20 
Fesc 83 10 Dec 10 
Agsp 90 10 Dec 10 
Daun 22 3 Inv - -
Acmi 277 32 Inc \ 
Basa 81 9 Inc i 10 
Other forbs 82 9 Inc ) 
Total 867 100 50 
Agsp 755 49 Dec 49 
Kocr 123 8 Inc 5 
Acmi 141 9 Inc ) 
Basa 407 26 Inc ; 10 
Other forbs 120 8 Inc ) 
Total 1,546 100 64 
Fair 
Fair 
Good 
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Appendix B 5. Continued. 
Percent Percent 
Plant Compo­ Grazing in 
Transect Species kg/ha sition Response Climax Condition 
4 Feid 282 24 Inc 20 
Acmi 2 93 25 Inc ) 
Lupinus spp. 233 20 Inc ) > 10 
Other forbs 372 32 Inc ) 
Total 1,180 101 30 Fair 
5 Agsp 114 7 Dec 7 
Popr 324 21 Inv 
Kocr 168 11 Inc 5 
Brja/Brte 110 7 Inv 
Stvi 118 8 Dec 8 
Acmi 254 17 Inc 
Frvi 147 10 Inc 1 n 
Chvil 194 13 Inc 
J. U 
Lupinus spp. 97 6 Inc 
Total 1,526 100 30 Fair 
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Soil Disturbance 
Soil disturbances by burrowing animals were recorded by measuring 
the location along the transect and the length of each disturbance as it 
intercepted the transect. Northern pocket gophers (Thomomys talpoides) 
caused extensive disturbance on the GNWR. Causing the greatest damage to 
transect 1, the gophers disturbed 1/3 of the transect's length, 
transects 2 and 3 had minor damage as well. Badgers (Taxidea taxus) 
disturbed 1.2 m of transect 5 (Appendix B6). 
Transect Photographs 
Photographs of each transect were taken from the end posts 
(Figs. 5-9). The transects were recorded on 35 mm Kodak ASA 64 
kodachrome film at 1/125 second. Internegatives and black and white 
positives were made from the slides. The black and whites were screened 
and photographed again in a format appropriate for publication. 
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Appendix B6. Soil disturbance. 
Transect 
Location on 
Transect 
(m) 
Length of 
Disturbance 
(m) 
1 6.4- 7.3 
10.5 -11.6 
12.5 - 12.8 
13.6 - 13.7 
16.3 -17.7 
22.9 -23.9 
25.3 - 30.5 
0.9 
1.1 
0.3 
0.1 
1.4 
1.0 
5.2 
Total 10.0 
2 26.6 -27.0 0.4 
3 14.4-15.1 0.7 
4 0 0 
5 17.8 - 18.4 
20.9-21.5 
C
D
 
C
D
 
•
 
•
 
o
 o
 
Total 1.2 
Percent of 
Transect Probable Source 
33 
Northern 
pocket gopher 
(Thomomys 
talpoides) 
Northern 
pocket gopher 
Northern 
pocket gopher 
Badger (Taxidea 
taxus) 
APPENDIX C 
DATA BASE FOR FORAGE PRODUCTION 
frequency, the percent of 20 plots per community containing 
the plant species. 
mean rate of forage production of each community in 
kilograms per hectare. 
sample standard error of the mean. 
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APPENDIX C 
DATA BASE FOR FORAGE PRODUCTION 
Vegetative Communities 
8/9 10 
Plant spp. Year f f  x f  x f  x f x f  x 
11 
GRAMINOIDS 
^gsp 19S1 
1982 
65 
65 
13 303 
82 125 
50 125 205 
25 78 167 
70 224 309 
55 167 259 
90 384 364 
100 413 307 
70 215 265 
65 51 65 
45 
35 
46 
29 
80 
71 
60 117 125 
50 76 210 
43 128 235 
85 91 122 
35 67 137 
20 10 28 
95 405 282 
80 171 261 
1981 
1982 
Br in 1981 
1982 
Brja-Brte 1981 
1982 
80 263 254 
80 115 137 
5 
15 
T 
25 110 
60 
60 
67 113 
19 23 
65 206 376 
95 45 85 
50 
55 
14 
13 
25 
35 
17 
1 6  
59 
30 
35 
35 
48 172 
13 37 
23 
30 
48 172 
31 93 
30 53 103 
10 21 80 
45 
80 
12 
31 
17 
2 8  
Caru 1981 
1982 
Ca^e 1981 
1982 
10 44 144 
Daun 1981 
1982 10 19 70 15 40 140 10 3 16 
10 3 10 
1 6 
r eld 
1931 
1982 
1931 
1932 
3 10 35 45 86 30 28 61 20 37 141 15 20 71 30 66 144 50 128 194 85 388 328 65 263 349 65 60 78 
10 1 6 45 123 185 50 94 166 20 23 104 40 33 54 100 146 82 45 36 109 40 40 69 
F esc 
1981 
1982 
1981 
1982 
1981 
1982 
1981 
1982 
15 20 68 
5 63 282 15 85 222 
5 20 88 
5 4 19 
5 16 70 5 T 
5 56 252 
45 151 272 35 71 160 30 76 141 
4 19 45 177 291 25 36 90 
10 8 4 25 7 14 25 12 25 40 115 222 20 21 53 40 13 23 50 42 70 43 17 26 40 47 64 35 11 16 
30 10 21 5 T 30 32 81 10 10 36 35 39 72 25 3 12 35 37 45 10 1 6 75 27 33 
Phpr 1981 
1982 6 25 10 6 20 
Appendix C. Continued. 
Vegetative Communities 
1 2  13 15 16 18/19 20 2 1  
Plant spp. Year f  f  x 
GRAMINOIDS (continued) 
Agsp 1981 
1982 
45 238 382 
70 111 214 
60  160  210  
80 90 169 
75 262 498 
65 90 173 
35 
15 
12 
T 
27 25 
10 
26 
8 
53 
30 
43 175 
10 2 9 
35 21 
40 22 
40 
54 
2 5 
25 
54 134 
33 92 
Agsc 1981 
1982 
Brin 1981 
1932 
Brja-Brte 1981 
Caru 
Daun 
80 261 230 
1982 100 133 94 
1981 
1982 
1981 
1932 
1981 
1982 
25 
55 
11 
33 
29 
60 
2 8  
30 
70 
9 22 
20 23 
11 
15 
30 
32 109 
17 66 
10 
40 
35 
5 
11 42 
18 41 
15 25 75 
10 
40 
12 
11 30 
20 
2 7 
43 117 
15 73 181 
10 18 
18 
10 
30 
35 
15 
24 44 
16 42 
12 
10 
30 
8 29 
61 234 
10 
2 0  
12 
17 
38 
55 
Feid 
1981 
1982 
1981 
1982 
100 335 135 
70 75 75 
70 284 266 
25 51 108 
60 138 148 
35 10 21 
30 32 
10 T 
64 
20 17 
10 
10 
9 27 
2 9 
45 67 109 
25 13 28 
30 
35 
496 640 
32  211  
Felo 
Fesc 
1981 
1982 
1981 
1932 
60 132 175 
55 108 160 
2 0  
10 
45 101 
16 49 
60 200 231 
45 57 80 
2 0  
5 
21 
17 
56 
74 
10 
10 
25 
17 
89 
55 
5 
15 
2  1 1  
39 140 
35 112 265 
30 24 14 
123 
Jufi 
Phpr 
1981 
1982 
1981 
1932 
1981 
1982 
15 11 
65 48 55 
50 22 30 
40 20 32 
15 3 10 
35 10 15 
30 10 22 
20 21 64 
10 1 5 
5 2 11 
5 T 
15 20 48 
20 21 61 
10 4 12 
30 140 266 
20 14 37 
15 8 26 
18 10 30 
90 
75 
180 155 
78 76 
00 
Appendix C. Continued. 
Vegetative Communities 
24 25 26 27 28 29 30 31 32/33 
Plant spp. Year fxs fxs fxs fxs fxs fxs fxs fxs fxs fxs 
GRAMINOIDS (continued) 
Agsp 1981 90 199 178 100 683 306 60 260 305 65 339 409 90 545 403 30 74 146 75 149 228 5 47 210 90 287 255 
1982 80 110 115 90 178 179 50 136 206 65 151 215 40 111 236 30 16 46 95 103 123 5 6 29 25 29 68 HO 147 168 
Agsc 19S1 
1982 
Brin 19S1 
1932 5 16 71 
Brja-Brte 1931 35 14 20 50 13 20 30 15 31 20 9 22 3 T 
1982 10 T 35 4 14 15 21 33 70 30 35 20 14 33 15 3 10 10 T 5 T 
Caru 1981 20 1 3  3 2  "5 107 129 20 13 36 3 6 37 
i  982 5 T 45 6 16 25 57 121 5 T 
Cage 1931 5  T  25 16 41 45 45 83 
J932 5 4 18 10 22 86 5 T 
Daun 1981 20 5 11 5 6 25 10 4 18 
1982 5 T 20 29 68 15 1 4 
Fear 1981 
1932 
Feid 1981 90 817 496 20 17 49 5 4 18 20 38 88 30 63 108 45 61 101 30 39 73 5 T 38 35 55 
1982 75 227 191 10 4 16 10 5 14 5 2 8 45 47 75 10 27 122 45 31 49 5 T 25 30 74 
F e l o  1931 5 8 35 35 473 934 5 39 175 5 12 53 
1982 10 31 109 SO 206 378 
Fesc 1981 30 103 228 5 2 7 25 60 153 55 170 283 25 25 75 
19S2 15 39 113 5 41 183 5 2 8 15 21 58 35 73 131 5 11 49 5 2 12 20 34 76 
Jufi  1981 
1932 
Kocr 1931 60 41 65 15 2 6 45 37 50 20 10 29 20 12 24 15 14 39 15 38 141 5 T 33 32 73 
1932 45 20 42 40 27 50 45 19 29 50 10 16 30 5 19 30 11 33 25 9 20 
Phpr 1981 15 20 71 10 T 
1982 15 10 25 
00 
DO 
Appendix C. Continued. 
Vegetative Communities 
6 8/9 10 
Plant spp. Year f  x" 
11 
GRAMINOIDS (continued) 
Poco 1981 
1982 
10 20  88  20 125 356 15 17 
15 14 
Popr 1981 
1982 
15 31 123 
50 87 124 
75 142 181 
65 112 10 
30 
30 
88 168 
68 129 
25 
35 
56 173 
20 45 
50 141 251 
75 80 98 
60 172 508 
65 112 134 
75 176 202 
70 66 60 
35 204 384 
30 160 280 
70 299 407 
95 362 277 10 17 64 
Posa 1981 
1982 
15 
Stco 1981 
1982 
2  1 1  
10 44 
11 23 
Stvi  1981 
1982 
10 15 
10 
17 
39 
5 
10 
28  
12 20 17 43 45 36 59 
10 
15 
5 
16  
19 
46 
3 
30 
T 
12 24 
10 
25 
86 
11 
Unknown 1981 
graminoids 1982 
5 
10 
27 123 
24 109 10 
FORBS 
Acmi 1981 
1982 
15 
45 
6 
22  
50 
45 
11 
2 1  
15 
36 
55 
50 
13 
24 
19 
43 
40 
50 
18 
12 
35 
19 
25 
40 
40 
45 
7 
19 
13 
24 
65 
50 
44 128 
14 22 
73 
90 
29 
40 
33 
52 
2 6  
6 
28 
13 
55 20 
70 26 
29 
27 
Alal 1981 
1982 
20 
45 
25 18 41 
10 T 
70 
65 
19 38 
3 9 
45 7 
40 T 
17 25 T 
15 T 
20 
10 
17 5 T 
25 T 
15 1 
20 T 
65 
50 
11 
Annu 1981 
1982 70 52 54 
Anan 1981 
1982 
Anpa 1981 
1.982 
5 
15 
15 
10 
12 
5 
15 
10 14 
18 
45 24 
7 
43 30 8 19 
5 
15 13 
Area 
Arse 
1981 
1982 
1981 
1982 20 T 
5 T 
5 T 
10 
40 
11 
5 45 
5 
20 
40 
40 
13 
10 
15 
30 
20 
10 
18 5 
15 
T 
T 
Appendix C. Continued. 
Plant spp. Year 
Vegetative Communities 
13 14 15 16 18/19 20  
f  x 
21 22 
GRAMINOIDS (continued) 
Poco 1981 
1982 
Popr 1981 
1982 15 28  
15 24 74 
35 107 252 
45 154 231 
50 68 125 
45 119 230 
85 223 256 
80  126  118  
45 74 111 
35 
50 
32 
30 
58 
41 
70 98 105 
75 156 196 
65 127 129 
80 341 1023 
15 11 36 70 270 242 
70 369 495 
Posa 1981 
1982 
Stco 1981 
1982 
15 9 25 
Stvi 1981 
1982 
10 2 
15 17 
5 
67 
10 5 
25 26 
18 
80 
20 12 
20 7 
2 6  
24 
10 10 36 
20 7 21 
50 57 77 
45 28 45 
5 T 
10 8 26 
40 37 52 
50 52 130 
Unknown 1981 
eraminoids 1982 15 
16 70 
10 45 175 15 12 31 18 11 10 19 78 
FORBS 
Acmi 1931 25 4 8 60 47 58 70 30 45 60 56 63 55 14 23 5 T 45 8 11 10 4 17 60 58 90 
1982 65 41 114 75 49 69 50 26 40 85 47 67 55 17 30 40 5 17 40 5 17 65 36 52 5 T 50 42 71 
Alal  1981 45 5 7 15 1 4 10 T 5 2 11 
1982 40 T 10 15 30 15 5T 5T 
Annu 1981 
1982 
Anan 1981 5  T  
1982 
Anpa 1981 15 2 6 25 5 15 40 9 13 25 5 11 10 2 7 5 T 5 T 30 1 4 
1982 35 22 45 10 2 6 25 9 24 10 T 5 3 14 10 1 5 15 5 11 25 16 38 
Arco 1981 15 1 4 35 3 6 5 T 
1982 
Arse 1981 30 16 23 10 T 5 T 10 T 5 16 
1982 55 3 10 10 T 15 T 20 T 
00 
Appendix C. Continued. 
Vegetative Communities 
24 25 2 6  27 28 29 30 
Plant spp. Year f  f  x 
32/33 
GRAMINOIDS (continued) 
Poco 19S1 
1982 10 18 72 20  
Popr 1981 
1 982 
30 38 81 
40 131 274 35 60 98 
85 317 290 
80 159 155 
60 233 258 
95 153 113 
20 89 264 
50 83 198 
40 
55 
35 
12 
54 
27 12 10 41 
10 35 10  22  112  
5 T 
Posa 1981 
1982 
Stco 1931 
1982 
16 70 
Stvi  1981 
1982 
5 
10 24 
60  
55 
74 108 
54 109 
25 
40 
24 
31 
56 
47 
10 8 
10 10 
29 
33 
5 
35 
16 
38 
70 
52 
Unknown 19S1 
graminoids 1982 30 10 25 10 16 30 118 252 
FORBS 
Acmi 1931 
1932 
40 
65 
12  
40 
17 
50 
15 
40 
1 
25 
5 
47 
55 
50 
12 
29 
18 
37 
40 
65 
44 109 
24 32 
40 
50 
11 
2 8  
22  
44 
55 16 
45 11 
19 
2 1  
65 16 
75 37 
16  
41 
10 
10 
T 
T 
40 
55 
13 
25 
32 
35 
Alal 1981 
1932 10 
30 
35 
5 
10 25 
Annu 1981 
1982 30 13 23 
Anan 1981 
1982 
30 11 18 
Anpa 1981 
1932 
15 
20 
7 
10 10 14 
5 
10 
5 T 
20 9 22 
5 
10 
13 
16 
5 T 
5 2 12 
Arco 1S81 
1982 
30 
Arse 1981 
1982 
40 4 
25 T 
10 
15 
25 
30 
20 
15 
00 
cn 
Appendix C. Continued. 
Plant spp. Year 
Vegetative Communities 
8/9 10 11 
FORBS (continued) 
Arlu 1981 
1982 14  62  
Asfa 1981 
1932 
Asia 1931 
1982 
Asmi 1981 10 3 11 30 45 137 15 2 11 5 11 51 5 T 8 T 20 8 19 
1982 25 5 13 15 11 37 30 17 67 20 T 25 10 28 15 2 9 
Basa 1981 35 2 397 15 98 241 25 86 205 50 420 745 49 167 40 254 461 10 30 298 50 474 37 
1982 35 258 643 15 147 464 40 156 348 50 85 159 15 59 252 5 T 30 255 632 75 614 S65 20 50 192 85 784 732 
Caro 1931 5 15 
1932 5 T 5 T 25 T 
Canu 1931 
1982 5 179 802 
Caan 1981 1 0  9  3 0  
1982 10 11 12 20 42 92 
Casu 1981 
1982 15 6  16 
Ccma 1981 40 132 299 15 20 76 45 564 979 5 T 95 95 1 7 6 9 95 1262 9 6 0 7 5 7 1 3 1033 5 3 4 7 6 3 5 5 7 0 1342 
1982 50 84 194 30 285 843 35 505 924 30 12 37 90 791 512 95 983 1140 75 868 883 5 4 20 55 200 345 
Cear 1981 5 23 101 5 11 29 5 T 10 13 47 5 2 8 3 1 6 10 13 53 
1982 
Chvil  1981 60 84 117 10 4 13 20 18 44 25 33 63 60 16 24 50 31 59 45 36 63 25 14 32 25 15 35 35 68 105 
1982 35 37 74 30 10 18 25 26 49 25 19 39 50 28 39 20 18 41 20 6 23 15 5 12 40 24 48 
Ciun 1981 5 1 4 5  T  
1982 5 22 97 
Copa 1981 
1982 
15 7 23 
Appendix C. Continued. 
Plant spp. Year 
12 
Vegetative Communities 
13 14 15 16 17 18/19 20 21 22  
f x s  
FORBS (continued) 
Arlu 1981 
1982 10 14 50 
As fa 1931 
1982 
Asia 1981 
1982 2 0  55 73 103 
Asmi 1981 
1982 
15 4 10 
Basa 1981 
1982 
45 427 691 
45 506 1009 
45 250 476 
25 120 311 
50 190 309 
40 454 987 
24 309 
22 98 
45 232 406 
45 216 494 
55 137 219 
42 96 200 
Caro 1981 
1982 
15 
5 
28 
T 
54 
20  10 T 
5 T 
Canu 1981 
1932 
Caan 1981 
1982 
12 53 
Casu 1931 
1982 
Cema 
Cear 
1981 
1982 
1981 
1982 
15 
2 0  
10 
15 
50 167 340 
40 15 
5 
10 
25 
42 
12 10 
10 
2 
15 
20  
10 
37 
4 
97 
17 15 17 53 
Chvil  1981 
1982 
45 
55 
75 107 
30 43 
10 
40 
3 
22 
9 
29 
15 
15 
7 
24 
5 21 95 
15 13 
10 2 7 
15 10 26 
Ciun 1981 
1982 
15 
21 92 
Copa 1981 
1982 
00 
-3 
Appendix C. Continued. 
Vegetative Communities 
23 24 25 26 27 28  29 30 31 
Plant spp. Year f  x f  x 
32/33 
FORBS (continued) 
Arlu 1981 
1982 
Asfa 1981 
1982 
35 28 58 10 10 36 
Asia 1981 
1982 15 18 59 
As mi 1981 
1982 
35 15 30 
1981 
1982 
50 243 356 
25 153 356 
55 483 745 
15 83 328 
10 
15 
1 
29 
5 
96 
70 758 1517 
50 132 160 
35 366 684 
40 163 322 
30 
60 
44 109 
87 179 
25 
45 
50 121 
21 38 
11 
18 
10 
10 
3 
10 
13 
37 
35 56 116 
45 146 206 
Caro 1981 
1982 15 
Canu 1981 
1982 
Caan 1981 
1982 
Casu 1981 
1982 
Cema 1931 
1982 
5 
10 
16 74 
6 23 20 88 
15 28 106 5 T 
10 33 150 
60 89 627 
Cear 1981 
1982 
15 23 
Chvil  1981 
1982 
5 
25 
3 13 
11  21  
60  
30 
54 59 
7 14 
20  16  
30 22 
38 
43 
35 24 
40 52 
44 
99 
10 4 14 
25 12 30 
15 7 
35 15 
19 
27 
6 25 
7 20 
30 
20 
14 33 
16 41 
Ciun 1981 
1982 
Copa 1981 
1982 20 5 14 
Appendix C. Continued. 
Vegetative Communities 
8/9 10 
Plant spp. Year f  f  x f  x 
FORBS (continued) 
Coli 
Crat 
1931 
1932 
1931 
1932 
25 10 26 
11 51 
15 12 
10 8 
39 
37 
25 70 168 
18 
Cyof 1931 
1932 6 28 
1931 
1982 30 29 54 
Eppa 
Erdi 
Ersp 
1931 
1932 
1931 
1932 
1931 
1932 
55 18 34 
35 T 
2 6  
2 1  
35 57 130 
40 
25 
8 14 
1 3 
15 11 28 
15 T 
30 T 
5 T 
20 T 
10 2 
5 T 
5 T 
20 35 18 25 12 
10 T 
5 14 
15 17 
20 12 
52 10 
25 
40 
83 
2 6 45 
5 19 50 
79 150 30 
5 
9 20 
4 17 
Er uni 
Eues 
Frvi 
Gaar 
Gabo 
Gc\ 
1931 
1932 
1931 
1932 
1981 
1 932 
1981 
1 932 
1931 
1932 
1931 
1932 
5 T 
15 11 42 
20 14 37 
15 
10 
40 20 67 
5 16 
4 17 
25 
3 13 
18 5 
10 
30 
12 20 
15 35 
T 
7 21 
33 69 
16 46 
1 5 
Getr 1931 
1982 
10 2 9 
15 5 13 15 20 26 
00 
CD 
Appendix C. Continued. 
12  
Plant spp. Year f 
Vegetative Communities 
13 14 15 16  17 18/19 20 
f  x f  x f x s  f x s  f x s  f x s  f x  f X s 
FORBS (continued) 
Coli  1981 
19S2 25 7 15 
5 T 10 4 13 
Crat 1981 
1982 
5 2 
5 T 20 3 19 
2  1 1  
10 T 5 3 14 
Cyof 1981 
1982 
Diar 
Eppa 
Erdi 
Ersp 
1981 
1982 
1931 
1932 
1981 
1 f'82 
1981 
1 9G2 
25 
20 
14 
11 
10 
30 
11 
15 
5 T 
15 15 
20  
15 
2 0  
T 
T 
13 
15 
30 
55 
2 4 
15 26 
45 43 83 
10 30 
65 56 
98 
93 
30 
25 
14 31 
12 25 13 
10 13 
15 
35 
65 50 
Erum 1901 
1982 
Eues 
Frvi 
1901 
1932 
1931 
1932 
1931 
1982 
15 
20 243 605 
10 
10 
10 13 
15 
20  
5 17 
6 16 
35 8 
35 22 
15 
37 
30 10 24 
55 13 18 
55 14 14 
40 18 37 
20 
40 
17 
2 0  14 
Gabo 
Getr 
1981 
1982 
1981 
1932 
1981 
1982 
5 T 
5 T 
10 13 
40 
25 
11 
9 
15 
10 
10 
10 
25 
10 
2 0  
15 
5 
19 
10 
CD O 
Appendix C. Continued. 
Vegetative Communities 
23 24 26 2 8  29 30 31 
Plant spp. Year f  f  x 
32/33 
FOR IBS (continued) 
Coli  1931 
1982 
Crat 1981 
1982 
Cvof 1981 
1982 
Diar 1981 
1932 25 13 53 
Eppa 1981 
1982 
15 
15 
25 
15 
30 6 
15 T 
30 
35 
15 
30 
25 
2 0  
5 
25 
18  2  
40 T 
Erdi 1981 
1932 30 36 174 2 8  
8 
15 
7 30 
2 6 
Ersp 1981 
1932 35 19 40 33 65 15 10 
Eruin 1981 
1982 
Eues 1931 
1982 10 55 176 5 8 35 
10 5 17 
10 52 219 
Frvi 1931 
1932 10 
20 
30 
11 
9 
15 
15 
8 
1 2  
2 5 
10 
12 20 
35 
10 
10 
Gaar 1981 
1982 
5 1 
5 1 5 
10 
Gabo 1931 
1932 25 10 
Gevi 1931 
1982 
5 3 13 10 8 26 
15 15 
Getr 1981 
1982 10 50 
ntinue 
1981 
1932 
1981 
1982 
1981 
1982 
1981 
1932 
1981 
1982 
1931 
1932 
1931 
1932 
1931 
1932 
1931 
1932 
1931 
1982 
1931 
1982 
1981 
1932 
1981 
1982 
1 QP.1 
Vegetative Communities 
2 3 4 5 6 7 8/9 10 
5 
10 14 10 10 32 
20  
20  
30 
5 
2 8  
18 
17 
13 
77 
52 
34 
58 
15 
35 
30 
9 23 
45 107 
42 100 
60 86 90 
15 
50 
22 
10 
67 
18 
30 25 
25 25 
54 
77 
10 
5 
33 103 
7 30 
30 56 116 
40 199 276 
15 
5 
41 118 
16 70 
55 232 464 
65 217 232 
13 
10 
18 
15 
31 
29 106 
13 35 
50 123 225 
85 86 93 
20 
15 
17 
16 67 
2 5 53 145 
65 
70 
78 73 
97 124 
75 213 
40 13 
5 
10 
10 15 20  
10 10 36 
20 4 11 35 16 
35 2 
29 15 
15 
14 63 
7 25 
3 14 
10 
15 12 36 
5 33 147 15 
10 
15 
15 
65 
4 12 
93 110 
Appendix C. Continued. 
Vegetative Communities 
Plant spp. Year f  
13 14 15 16 17 18/19 20  2 1  
f  x f  x 
FORBS (continued) 
Hecy 
Hicy 
1981 
1982 
1981 
1982 
10 
5 
32 137 
2 9 10 13 51 
5 
10 
25 
15 
37 
2 
10 
25 20 
5 
10 
10  
35 
30 
27 
13 
Liru 
Lupinus 
19S1 
1982 
1981 
1982 
10 18 74 
40 
14 63 
53 191 
20 16 44 
75 147 160 
55 31 51 
10 
15 
27 
9 
97 
24 
55 180 244 
15 10 30 
5 
15 
4 
36 
17 
89 
45 489 454 
65 72 102 
30 
2 0  
30 
25 
20 
47 
59 
6 20 
31 
25 
20  
15 
5 
35 
9 28 
37 108 
T 
19 39 
20  
5 
50 
55 
60 
37 
11 
23 
76 
50 
14 
90 320 
50 32 
Meob 1981 
1982 55 16 23 
Migr 1981 
1982 25 14 
Mofi 
Ortc 
1981 
1982 
1981 
1982 
60 
15 
24 
T 
30 30 16 39 10 
20  
30 
15 
Pewi 1981 
1982 60 2 9 60 
Phha 1981 
1 982 15 
Plihe 1981 
19S2 
Phli  19S1 
1982 25 10 
Podo 
Poar 
1981 
1982 
1981 
1982 20  
5 
25 
T 
15 33 35 34 82 
15 
25 
6 
10 35 
5 
25 
T 
1 
CO 
CO 
Appendix C. Continued. 
Vegetative Communities 
24 2 6  27 28  29 30 31 
Plant spp. Year f x 
32/33 
FORBS (continued) 
I lecy 
Hicy 
Liru 
Lupinus 
Meob 
Migr 
Mofi 
Orte 
Pewi 
Phha 
Phhe 
1931 
1932 
1931 
1932 
1931 
1932 
1931 
1982 
1981 
1982 
1081 
1982 
1981 
1932 
1981 
1982 
1981 
1982 
1981 
1982 
1931 
1982 
15 
17 
3 
40 
25 
20 27 78 
5 39 5 T 
63 236 5 5 23 
50 14 23 
20 2 7 
5 3 12 
5 16 
10 39 122 
15 12 42 
15 
15 
2 8  
2 
74 
5 
38 
10 33 118 
10 
50 
60  
6 27 
84 130 
52 78 
5 T 
10 T 
15 
20 
10 
15 
25 
35 
10 
16 
17 
40 
1 1  
5 T 
19 
5 
63 
61  
85 
20 
15 
20 
15 
20 
35 
20 
7 
20  
19 42 
15 57 
5 2 7 
10 2 7 
15 
10 
5 T 
10 T 
9 15 
5 
10 
3 
15 
3 
12  
T 
10 
13 
42 
28 
3 T 
15 1 5 
8 2 7 
1931 
1 932 
Podo 
1 'oar 
1931 
1982 
1981 
1982 10 
5 
10 
6 
16 
25 
65 
2 0  
25 24 
CD 
Appendix C. Continued. 
Vegetative Communities 
8/9 10 
Plant spp. Year 
11 
s  f x s  
FORBS (continued) 
Pogr 
Pore 
1981 
1932 
1931 
1982 
15 16 44 
35 39 73 10 
50 87 145 
20 14 37 
20 84 187 
10 3 11 
10 
10 
25 
17 
10 
5 
6 
25 35 43 88 
35 25 61 
27 50 284 400 
5 2 7 
Prvu 
Ruac 
1981 
1982 
1981 
1982 12 
2 6  1 1 6  
30 32 101 
8 
Rucr 1981 
1932 
Seca 1981 
1 932 25 2 0  
Sian 1931 
1982 15 18 
Sior 1931 
1982 
15 
Sial 1931 
1982 
2 8  1 2 6  12 
Silo 1981 
1982 
Som i 1981 
1982 14 
8 38 
1 5 
3 9 
Taof 1981 
1982 
Thoc 1981 
1982 
Tr mi 1981 
1982 
35 43 105 
30 13 37 
25 11 26 
35 7 14 
65 169 217 
65 54 85 
12 10 24 83 
5 T 
18 12 
40 16 
41 
37 30 
CD 
CJ1 
Appendix C. Continued. 
Vegetative Communities 
13 15 17 18/19 20  
Plant spp. Year f  x f x s  f x s  f x s  
2 2  
f x s  
FORBS (continued) 
Pogr 1981 
1982 
10 12 
10 
Prvu 
1981 
1982 
1981 
1982 
5 
20 
1 
15 
6 
32 
35 90 186 15 18  
35 
5 
12  
29 
10  
5 1 6 
35 14 25 
6  2 8  
10 T 10 10 42 
15 2 5 
Ruac 1981 
1 982 
5 T 
5 T 
Rucr 19S1 
1982 
17 
Seca 1981 
19S2 90 92 158 
Sian 1981 
1982 
Si or 1981 
1982 
2 0  
15 14 42 
Sial  1981 
1982 
10 
Silo 1981 
1982 
Somi 1981 
1982 
15 
40 
13 
31 
41 
57 
5 
10  18  15 
15 
25 
15 
1 8  
15 6 23 
12 29 
Taof 19S1 
1982 2 0  
Thoc 1981 
1982 
Trmi 1981 
1982 
15 
15 
32 
21 
25 
55 
11 
19 
2 8  
32 
20 
15 
23 
28  
20 
10 
15 
2 
32 
9 30 13 
35 
20 
2 1  
10 
45 
29 
CD 
Appendix C. Continued. 
Vegetative Communities 
23 24 25 2 6  27 2 8  30 
Plant spp. Year 
31 
f  x 
32/33 
f x s  
FORBS (continued) 
Pogr 
Pore 
1981 
1982 
1981 
1982 
10 
10 
5 23 
21  
6 0  2 8  
2 0  
41 
1 6  25 
30 5 4 18 5 T 
Prvu 1981 
1982 
Ruac 1981 
1982 10  
Rucr 1981 
1982 
Seca 1981 
1982 
25 
Sian 1981 
1982 
Si or 1981 
1982 45 23 5 1 5 
Sial  1981 
1982 
Silo 1981 
1982 10 15 69 
Somi 1981 
1982 
10 
40 
3 
32 63 10 8 38 
10 1 8  
15 23 
10  
10  30 30 9 20 
8 9 36 
Taof 1981 
1982 
Thoc 1981 
1982 
Trmi 1981 
1982 
25 
20 
11 
5 
20 5 
10 
1 6 
8 35 10 10 12 
10 3 10 
5 T 
CD 
Appendix C. Continued. 
Vegetative Communities 
8/S 10 
Plant spp. Year f  x f  x f  x 
FORBS (continued) 
Vebl 1981 
1982 
19 84 
T 10 2 8  57 253 
Yeth 1981 
1982 10 1 2  28 134 
Unknown 1981 
forbs 1982 35 28 65 
SHRUBS AND SUBSHRUBS 
Amal 1981 
1982 10 11 37 5 2 9 
Aruv 1931 
1982 
Arfr 1981 5 T 10 19 61 
1982 
Bere 1931 
1932 
Ceve 1931 
1982 
Chvis 1931 
1 982 
Phma 1981 
1982 
Prvi 1981 5 16 
1982 
Rowo 1981 15 18 56 20 31 65 10 17 60 5 31 138 15 8 20 5 2 11 50 44 76 15 8 23 45 41 70 
1982 25 57 113 20 18 48 15 13 33 5 2 10 20 40 153 25 25 50 35 32 67 40 47 112 
Syal 1981 50 69 106 5 5 T 5 3 14 
1982 30 203 412 15 28 101 15 35 105 
CO 
CO 
Appendix C. Continued. 
Vegetative Communities 
12  13 14 15 16  17 18/19 2 0  21  
Plant spp. Year 
22  
FORBS (continued) 
Vebl 1981 
1982 10 31 138 
Veth 
Unknown 
forbs 
1981 
1982 
1981 
1982 50 22 32 
13 
SHRUBS AND SUBSHRUBS 
Amal 1981 
1982 
5 18 83 20 
5 T 20 
17 38 
74 275 
20 22 49 
32 
10  
20 
17 
12 
53 
33 
Aruv 1981 
1982 
Arfr 1981 
1982 
Bere 1981 
1982 2 1  
Ceve 1981 
1982 
Chvis 
Phma 
Prvi 
R ow o 
Syal 
1981 
1982 
1981 
1982 
1981 
1982 
1981 
1982 
1981 
1982 
2 1  
14 
10 8 25 8 36 
40 
10 
5 
10 
37 
13 
6 
22 
54 
54 
3 
90 
1 0  2 8  
2 0  
35 
90 
15 17 43 
15 
2 0  
35 
56 
85 330 280 
35 97 153 
10 24 75 
15 20 55 
15 15 42 
35 
20  
32 
2 
60 
6 
35 96 156 
20 21 71 
15 
5 
12 
70 585 649 
85 305 518 
10 
40 80 129 
15 4 14 
15 
5 
13 
6 
39 
28 
CD 
CD 
Appendix C. Continued. 
Vegetative Communities 
23 24 25 26 27 28 29 30 31 32/33 
Plant spp. Year fxs fxs fxs fxs fxs f "x s  f 3T s  fxs fxs fxs 
FORBS (continued) 
Ye bl 1981 
1982 
Yeth 1981 
1982 
Unknown 1981 
forbs 1982 
SHRUBS AND SUBSHRUBS 
Ainal 1981 
1982 10  
5 T 
5 2 
10 
10 
2 
2 2  
6 
73 
Aru 1931 
1932 11 
Arfr 1981 
1982 
Bere 1981 
1 982 
Ceve 1931 
1932 
49 220 
72 321 
Chvis 1981 
1932 
Plima 1931 
1982 
10 18 58 85 27S 260 
80 650 705 
75 411 337 
65 433 1046 
Prvi 1981 
1982 
10 
5 
4 15 
2 7 22 54 
Rowo 1981 
1982 
15 
10 
33 
23 
5 
40 136 
5 5 22 
5 3 15 
10 12 37 
5 6 26 1 0  
6 2 5 
9 29 
Syal 1981 
1982 
15 24 63 
10 28 109 
5 T 
5 3 14 
40 41 72 
15 23 70 15 
3 13 
7 21 
O 
o 
